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INTRODUCTION. 


The Review for July, 1896, is based on 2,746 reports 
from stations occupied by regular and voluntary observers, 
classified as follows: 149 from Weather Bureau stations; 
33 from U. 8. Army post surgeons; 2,421 from voluntary 
observers; 33 from Canadian stations; 1 from Hawaii; 96 


received through the Southern Pacific Railway Company; 14 
from U.§. Life-Saving stations. International simultaneous 
observations are received from a few stations and used 
together with trustworthy newspaper extracts and special 
reports. 


The WEATHER REeEvIEw is prepared under the general edi- 
torial supervision of Prof. Cleveland Abbe. Unless other- 
wise specifically noted, the text is written by the Editor, but 
the statistical tables are furnished by Mr. A. J. Henry, Chief 
of the Division of Records and Meteorological Data. Spe- 
cial acknowledgment is made of the hearty cooperation of 
Prof. R. F. Stupart, Director of the Meteorological Service of 
the Dominion of Canada, Mr. Curtis: J. Lyons, Meteorologist 
to the Government Survey, Honolulu, and of Dr. Mariano 
Barcena, Director of the Central Meteorological Observatory 
of Mexico. 


CLIMATOLOGY OF THE MONTH. 


GENERAL CHARACTERISTICS. 


The pressure has been high off the south Atlantic Coast, 
and also off the north Pacific Coast, and the interior low 
pressure has been about normal. Consequently the distri- 
bution of winds has also been normal and the mean temper- 
atures for the month have shown no large abnormality. 
There was a general excess of temperature on the Pacific 
Coast and a general deficiency in the interior of the conti- 
nent. Although several stations on the north Pacific and 
Plateau regions reported the highest mean temperature on 
record, yet the greatest excess was but 4.2°. An unusual 
number of stations reported heavy local rains and conse- 
quent disastrous floods over very restricted areas; the great- 
est departures from normal precipitation at regular stations 
of the Weather Bureau were the excesses in Kansas, Missouri, 
Arkansas, Illinois, Mississippi, Ohio, Kentucky, West Vir- 
ginia, Louisiana, and Alabama. An injurious drought was 
reported from limited portions of Arkansas, Louisiana, 
Mississippi, and Texas, also, in Washington and Oregon. 


ATMOSPHERIC PRESSURE. 
{In inches and hundredths. ] 


The distribution of mean atmospheric pressure reduced to 
sea level, as shown by mercurial barometers, not reduced to 
standard gravity, and as determined from observations taken 
daily at 8 a. m. and 8 p. m. (seventy-fifth meridian time), is 
shown by isobarson Chart IV. That portion of the reduction 
to standard gravity that depends on latitude is shown by the 
numbers printed on the right-hand border. 

The mean pressures during the current month were highest 
on the coast of the South Atlantic States and Washington. 
They were lowest in Arizona and southern California, and 
low in the Gulf of St. Lawrence. 

The highest were: Charleston, 30.16; Jacksonville, Jupi- 


ter, and Tampa, 30.15; Wilmington and Savannah, 30.14. 
The mean for Bermuda was 30.27. 

The lowest were: Yuma, 29.78; Prince Albert, 29.82; 
Fresno, Phoenix, and Red Bluff, 29.84; Grindstone Island, 
29.85; Sacramento, 29.86; Father Point, 29.87; Medicine 
Hat, 29.89. ° 

As compared with the normal for July, the mean pressure 
was in excess throughout the country east of the Rocky 
Mountains; in the South Atlantic Coast States it was greatest. 
It was slightly deficient over the Pacific States. The greatest 
excesses were: Charleston, 0.12; Wilmington, 0.11; Kitty- 
hawk, Hatteras, Augusta, Jacksonville, Edmonton, and Min- 
nedosa, 0.10. The greatest deficits were: Portland, Oreg., 
Walla Walla, and Eureka, 0.04; Sacramento and Fresno, 0.03. 

Ascompared with the preceding month of June, the pressures, 
reduced to sea level show a rise everywhere, except a slight 
fall on the Pacific Coast. The greatest rises were: Wilming- 
ton, Charleston, Jacksonville, Tampa, and Bermuda, 0.11; 
Hatteras, Savannah, Jupiter, Atlanta, Montgomery, Mobile, 
New Orleans, Galveston, Palestine, Abilene, Santa Fe, and 
Edmonton, 0.10. The greatest falls were: Portland, Oreg., 
Walla Walla, and Roseburg, 0.08; Eureka, 0.07. 


AREAS OF HIGH AND LOW PRESSURE. 
By Prof. H. A. Hazen. 


The general conditions of the month of July have been as 
follows: A persistent low pressure to the north of Montana 
from which 10 of the 11 storms of the month have taken 
their origin. Four of the high areas of the month have also 
originated to the north of Montana, but these have been of very 
slight magnitude. There were 11 storms and 7 high areas of 
sufficient definiteness to be traced, and their trajectories, with 
barometer reading twice each day, will be found on Charts I 
and II, respectively. Some of the more prominent facts re- 


lating to the place of origin, velocity of apparent motion, 
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and duration of path will be found in the accompanying 


table. 
Movements of centers of areas of high and low pressure. 


AV 
First observed. | Last observed. Path. | velocities. 
High areas. ° ° ° © | Miles. |Days.| Miles. |Miles. 
3,a.m 4 | 108| 6,a-m.| 4 1,820) 3.0 440 18.3 
5, a.m. 53; &p.m.| 47 84 | 1,610; 3.5 460 | 19.2 
14, a.m 48 | 18,p.m.| 44 68 2,900; 5.5 509 | 25.0 
20, p.m 116| Bam.) 910 | 2.5 362) 15.1 
23,a.m 51 | 116 | M@,a.m.| 37 74| 2,330) 3.0 778 | 82.4 
2%,p.m.| 104| W,p.m.| 42) 8&7 940 2.0 471 | 19.6 
vil 2,a.m.| 110/ 3i,p.m.| 44; 1,500) 2.5 64 | 26.0 
feces 11,660 | 22.0 | 8,784)...... 
Mean of 7 
Mean of 22.0 
Low areas. 
lja-m. | 5a-m.| 48; 72| 2,20) 4.0 560 | 23.3 
6,a.m.| S2/ 117| p.m./| 51 98 870 | 2.5 «10.9 
coves 6.p.m.| | ,a.m.| 47 86) 1,650) 3.5 471 | 19.7 
p.m.| Ila.m.| 54/| 102 610 | 2.5 244; 10.2 
13,p.m.| 530| 106/ 16,p.m.| 48 61 | 2,160; 3.0 720 | 30.0 
WE 00 15,p-m. | 115 19,p.m./ 41 9 | 1,870; 4.0 468 19.5 
18,p-m. | 112/ 2i,p.m.| 49 63 | 2,480; 3.0 827 | 34.5 
VERE 111| 58 2,600; 3.5 770 | 32.1 
46; 117/2.p.m. | 44; 64/ 3,39) 5.0 667 | 27.8 
2,a.m.| 107 27,p.m. | 4 88 | 1,860; 3.5 581; 22.1 
XE Z,p.m. | 30/6116 | 3i,p.m. | 46 2,700) 4.0 | 2.0 
22,550 | 38.5 | 6,302 /...... 
Mean of il 
Mean of 38.5 
GO 529 22.0 


LOCAL STORMS. 
By A. J. Hewry, Chief of Division of Records and Meteorological Data. 


There were about the usual number of local storms, torren- 
tial rains, and damaging hailstorms during the month. No 
remarkable tornadoes occurred, but possibly some of the local 
violent winds were really incipient tornadoes. Minor tor- 
nadoes were reported in North Carolina and Virginia on the 
8th, and in South Carolina on the 15th. Very severe local 
storms were experienced in Michigan, Iowa, Ohio, and Penn- 
sylvania on the 26th and 27th, and damaging hailstorms 
occurred in South Dakota, Iowa, and Indiana on the 26-27th. 
The loss to crops in South Dakota on this occasion probably 
exceeded $100,000. Careful estimates of loss in Iowa in the 
counties of beanie Cherokee, Plymouth, Ida, Sac, Buena 
Vista, and Calhoun place the damage to crops at $200,000. 

The record by dates follows: 

4th.—A severe squall wind passed over Cedar Point about 
3 miles northeast of Sandusky, Ohio, capsizing a number of 
yachts and pleasure boats. One person was drowned. 

6th.—Bucklin, Ford County, Kans., was visited by a severe 
wind, rain, and hail storm, reported as moving toward the 
southwest. The width of the storm was about 5 miles; its 
length was probably not over 15 miles. The damage was 
= to windmills, small buildings, fruit crops, and 

try 
Perth .—A severe windstorm began on the west Florida coast 
on the morning of the 7th, increasing in force as the day ad- 
vanced. The maximum velocity of the wind at Pensacola 
(72 miles per hour from the southeast) was reached at 11.45 
a.m. Much damage was done in that city. About 35 houses 
were unroofed, and there was a general destruction of signs, 
awnings, telegraph and telephone wires, smokestacks, wind- 
mills, ete. The greatest destruction, however, occurred in 
the harbor, and on the water front. Nine fishing smacks 
were sunk; one brig dragged her anchor and was washed 
ashore ; two barks were 2 bad] y damaged and a number of 
smaller craft wrecked and sunk. The property loss has been 
estimated as high as $400,000 in Pensacola alone, but that 


statement seems excessive. Probably $100,000 would be nearer 
the true figures. Strong winds were also reported at Eufaula, 
Ala., and Winston, N. C. 

8th—An incipient tornado formed in Halifax County, 

N. C., at 9.30 a. m., and moved northeastward in a path 
about 60 or 70 feet wide. At Spring Hill several houses and 
a number of outbuildings were blown down: one person was 
killed. Length of track uncertain, but probably not over 10 
miles. The property loss was about $1,000. Later in the day 
what appears to have been a series of minor tornadoes was 
observed in Dinwiddie and Prince George counties, Va. Re- 
ports as to the general direction of the storms are somewhat 
conflicting. The observer at Reams Station reports a storm 
moving northwest. Two independent reports from Temple- 
ton almost due east of the first-named point give the direc- 
tion as “a little east of north” and “north,” respectively. 
The observer at Disputanta reports the storm as moving north- 
west. Funnel clouds were also seen moving in a northeast- 
erly direction toward Williamsburg; 5 persons were injured ; 
property loss about $1,200. The path of the main storm 
varied in width from 50 to 200 yards; its length was probably 
20 miles, but there was no destruction over a portion of its 
course. 

14th—A heavy wind and rain storm visited southern 
Michigan. The damage done at Grand Haven was estimated 
at $20,000. 

15th.—A minor tornado, or what might be called an over- 
grown whirlwind, was observed about 2 miles north of Harts- 
ville, S.C. One dwelling was blown down, and one person 
injured. The whirlwind’s path was about 300 feet wide and 
3 or 4 miles long; loss insignificant. Cincinnati, Ohio, was 
visited by a severe thunderstorm. The damage was confined 
ents ly to telephone wires, trees, awnings, truck and 

ower gardens, and suburban roads. A series of severe thun- 

derstorms swept over the portions of West Virginia bordering 
on the Ohio River, from Parkersburg to the upper end of the 
Pan Handle, and extending back into the interior as far as 
Lewis and Harrison counties. Houses, bridges, and sawmills 
were swept away on the headwaters of the upper Little 
Kanawha, and on other streams emptying into the Ohio. The 
rainfall was very heavy throughout Ohio, east Tennessee, and 
western Pennsylvania. At Pittsburg the rain was very heavy. 
The street car lines, with but one exception, were wrecked, 
and considerable damage was done to houses and their con- 
tents by flooding. The early newspaper accounts of the dam- 
age done in Pittsburg were much exaggerated. 

19th.—Damaging hailstorms were reported a few miles 
north of Aberdeen, 8. Dak. 

23d.—General rains fell over Illinois on this date. Ina 
few cases the winds were unusually strong, and considerable 
damage was done to the crops, fences, and standing timber. 

25th.—An_ incipient tornado or waterspout was observed 
in the suburbs of New Orleans. The damage done was insig- 
nificant, and the tornado disappeared in the direction of Lake 
Pontchartrain. 

26th.—An unusually destructive hailstorm passed over a 
strip of country about 60 miles in length, and from 5 to 10 
miles in width, in the southeastern part of South Dakota. 
The storm originated in the eastern part of Bon Homme 
County, traveled southeast through the counties of Yankton, 
Clay, and Union, across the Big Sioux River near Akron, and 
was last reported in the northwestern part of Plymouth 
County, Iowa. 

* Another destructive hailstorm passed through Jerauld 
County, 8. Dak., destroying every vestige of crops in its path, 
in a strip about 20 miles long and 4 miles wide. The damage 
in the last-named county was estimated at $25,000; the dam- 
age in Yankton County was estimated at $100,000; no reports 
have been received as regards the damage in Clay and Union 
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counties. Following is a description of the storm in Yank- 
ton County, by Mr. Henry G. B. Swinhoe, station agent, 
Weather Bureau, Yankton, 8. Dak.: 

I have the honor to report that a hailstorm of great severity occurred 
in this ee | yesterday (July 26), doing an immense amount of dam- 
age, estimated in this county alone at $100,000. The path of the storm 
included the best farming section of the county, from Lesterville on 
the west to Gayville on the east, and varying in width from 5 to 10 
miles. This portion is practically laid waste, a few spots being less 
seriously damaged. The crops were beaten into the ground, the leaves 
and branches were stripped from the trees, and numbers of hogs and 
chickens were killed. Probably a small portion of the oats, which 
were in shock, may be saved; but the wheat, standing in the field, is 
completely destroyed where the hail occurred, and the thousands of 
acres of fine corn are noW reduced to leafless stumps. The crops were 
the best that have been raised here for the last five or six years, and 
the loss to many of the farmers will be irreparable. Many specimens 
of hailstones and broken corn stalks were brought in by farmers this 
morning. Some of the stones measured 14 inches in diameter sixteen 
hours after they had fallen; they were of very rugged appearance. 
Farmers from the worst part of the storm report a sea of ice and mud 
many miles in extent, the hail in the ravines being 2 feet in depth. 
The storm appeared to travel from east to west several miles north of 
Yankton during the forenoon of Sunday, the atmosphere being very 
sultry, and a light breeze from the southeast. The storm appeared to 
remain stationary in the northwest till between 2 and 3 p. m., when it 
commenced to approach, and at the same time divided into two parts, 
one going south into Nebraska, and the other going east, at about 4 
miles north of Yankton. This station, lying between the two main 
parts of the storm, received 0.74 of an inch of rain, and a maximum 
wind velocity of 38 miles per hour. No hail fell here, and no damage 
was done. The temperature was highest (86.9°) about one hour before 
the storm; during the storm the temperature fell to 64.5°. The color 
of the clouds in the distance was an inky black, changing on a near 
approach to a dark en, while the roar of the hail sounded at this 
station like distant thunder. I am told that some of the hailstones 
weighed 1 pound, twénty hoursafter the storm. They were composed 
of a number of very hard lumps of ice about one-half inch in diameter 
each, held together by soft ice, forming a mass sometimes 3 inches in 
diameter. Large holes wére made through shingle roofs, and the over- 
hanging eaves of buildings were chipped off. 

In Iowa, Nebraska, and South Dakota crops were also dam- 
aged by wind, rain, and hail. The storm was unusually 
severe in Marshall Co., Iowa. At St. Anthony, Albion, and 
Green Mountain a number of buildings were wrecked. One 
person was severely injured at Albion. The property loss 
will probably aggregate $10,000. The greatest damage by 
hail in Iowa was in Ida, Sac, and Cherokee counties. Severe 
local storms occurred in southern Michigan, the destruction 
being greatest in the vicinity of Homer, Three Rivers, Battle 
Creek, and Northville; other points also suffered. 

27th.—The 26th and 27th were days of unusual storm fre- 
quency. Towa, Wisconsin, and Michigan were visited by 
severe local storms on the 26th, and Indiana, Illinois, Ohio, 
Pennsylvania, Maryland, New Jersey, and New York on the 
27th. These storms seemed to develop simultaneously over 
large areas, although a progressive movement from west to 
east was noticed in some cases. The storms in Ohio and 
western Pennsylvania were unusually severe. At Columbus, 
Ohio, buildings were unroofed and otherwise damaged by the 
wind. At Pittsburg, Pa., 2 persons were killed and 7 injured. 
The damages by wind and flood were very great. The storms 
did but little damage in central Pennsylvania, but through- 
out the eastern portion of the State and in New Jersey they 
were quite severe. An incipient tornado cloud was seen at 
Gibson City, Ill.; the funnel did not reach to the earth. 

28th.—Hail of great size fell in and about Montpelier, Ind., 
damaging crops and killing live stock. 

29th.—A minor tornado occurred at Gloucester, Ohio, at 
7.55 p. m., central time. One person was killed and 10 were 
injured, Property loss about $4,000. The storm moved 
northeast then southeast in a path 150 yards wide and 1} 
miles long. A severe wind and thunderstorm, in which the 
wind was said to have a whirling motion counter clockwise, 
occurred at Huntington, Ind. Three persons were injured. 
The storm’s path was very irregular; it was reported as mov- 


ing first from west to east, then southeast and finally north- 
east; its path was from one-quarter to one-half mile wide 
and 15 miles long: Property loss (buildings only) probably 
not over $3,000. A destructive hailstorm originated in the 
central part of Edmunds Co., 8. Dak., near Ipswich; passing 
southeast, destroying the crops and breaking the glass in a 
great number of windows in its course to the eastern part of 
Spink County. The path of greatest destruction was about 
5 miles wide and 20 miles long. 
Casualties during the month by lightning, 87. 


TEMPERATURE OF THE AIR. 
[In degrees Fahrenheit.] 


The mean temperature is given for each station in Table 
II, for voluntary observers. Both the mean temperatures and 
the departures from the normal are given in Table I for the 
regular stations of the Weather Bureau. 

The monthly mean temperaiures published in Table I, for 
the regular stations of the Weather Bureau, are the simple 
means of all the daily maxima and minima; for voluntary 
stations a variety of methods of computation is necessarily 
allowed, as shown by the notes appended to Table IT. 

The regular diurnal period in temperature is shown by the 
hourly means given in Table V for 29 stations selected out 
of 82 that maintain continuous thermograph records. 

The distribution of the observed monthly mean temperature of 
the air over the United States and Canada is shown by the 
dotted isotherms on Chart IV; the lines are drawn over the 
Rocky Mountain Plateau Region, although the temperatures 
have not been reduced to sea level, and the isotherms, there- 
fore, relate to the average surface of the country occupied by 
our observers; such isotherms are by the 
local topography, and should be drawn and studied in con- 
nection with a contour map. 

The highest mean temperatures were: Yuma, 91.3; Phcenix, 
88.0; Shreveport and Fort Smith, 84.6; Little Rock, 84.2; 
Galveston, 83.6; San Antonio, 83.4; Palestine, 83.4; New 
Orleans, 82.8; Savannah and Port Eads, 82.6; Charleston 
and Memphis, 82.4; Key West, 82.3. The lowest mean tem- 
peratures were: Tatoosh Island, 57.0; Fort Canby, 61.2; 
Eastport, 62.2. Among the Canadian stations the highest 
were: Spences Bridge, 74.6; Medicine Hat, 70.2; Toronto, 
68.2; Port Stanley, 68.0; Kingston, 67.4. The lowest were: 
Father Point, 58.0; Banff and Esquimault, 58.6. 

As compared with the normal for July the mean tempera- 
ture for the current month was in excess in portions of the 
lower Lake Region and south Atlantic Coast, as also over New 
England, the northern Plateau Region and Missouri Valley. 
It was deficient especially in the northern and southern 
Slope and Pacific Coast Region. The greatest excesses were: 
Roseburg, 4.8; Calgary and Spokane, 4.2; Walla Walla, 3.9; 
Sacramento, 3.3; Chatham, 3.2; Baker City, 3.1; Swift Cur- 
rent and Fresno, 2.8; Medicine Hat, 2.7. The greatest de- 
ficits were: El Paso, 4.2; Williston, 2.6; Omaha, 2.5; Santa 
Fe, 2.4; Jupiter, 2.3; Huron and Sioux City, 2.2. 

Considered by districts the mean temperatures for the cur- 
rent month show departures from the normal as given in Table 
I. The greatest positive departures were: Northern Plateau, 
3.38; north Pacific, 2.3; middle Pacific, 2.2. The greatest 
negative departures were: Florida Peninsula, 2.0; southern 
Plateau, 2.1. 

The years of highest and lowest mean temperatures for July 
are shown in Table I of the Review for July, 1894. The 
mean temperature for the current month was the highest 
on record at: Fresno, 85.5; Fort Smith, 84.6; Little Rock, 
84.2; Walla Walla, 79.1; Sacramento, 76.5; Winnemucca, 
73.4; Spokane, 73.2; Roseburg, 71.3; Idaho Falls, 69.6; Car- 
son City, 69.3; Astoria, 64.1; Fort Canby, 61.2; Port An- 
geles, 58.9. The mean temperature for current month 
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was not the lowest on record at any regular station of the 
Weather Bureau. . 

The mazimum and minimum temperatures of the current 
month are given in Table I. The highest maxima were: 110, 
Yuma (frequently); 109, Pheenix and Redbluff (9th); 106, 
Walla Walla (15th); 104, Sacramento (9th); 103, Fort 
Smith (28th), Little Rock (31st), Bismarck (11th). The 
lowest maxima were: 67, Point Reyes Light (frequently) ; 
70, Tatoosh Island (2Ist), Port Angeles (19th), Eureka 
(31st); 72, San Francisco (9th). The highest minima were: 
78, Galveston (11th); 72, Port Eads and Key West (7th), 
Corpus Christi (frequently); 70, Charleston (9th), Savannah 
and Jacksonville (7th), Pensacola (8th), New Orleans (Ist). 
The lowest minima were: 38, Williston (22); 40, Havre 
(24th); 41, Pysht (3d); 43, East Clallam (1st) and Bis- 
marck (22d). 

The years of highest maximum and lowest minimum tempera- 
tures are given in the last four columns of Table I of the 
current Review. During the present month the maximum 
temperatures were the highest on record at: Bismarck and 
Little Rock, 103; Meridian, 102; Memphis, 101; Pensacola, 
99. The minimum temperatures were the lowest on record 
at: Williston, 38; Jupiter, 68. 

The greatest daily range of temperature and data for computing 
the extreme and mean monthly ranges are given for each of the 
regular Weather Bureau stations in Table I. The largest 
values of the greatest daily ranges were: San Luis Obispo, 
45; Idaho Falls and Winnemucca, 44; Havre, 43; Carson 
City, 42; Miles City, 41; Fresno, 40. The smallest values 
were: Woods Hole and Galveston, 13; Corpus Christi and 
Jupiter, 14; Key West and Hatteras, 15; Port Eads and 
Block Island, 16; Nantucket, 17; San Diego, 18; Charleston, 
Pensacola, Eureka, Fort Canby, and Point Reyes Light, 19; 
Tampa, Mobile, San Francisco, and Tatoosh Island, 20. 

Among the extreme monthly ranges the largest were: Den- 
ver, 66; Bismarck, 60; Havre, 58; Walla Walla, Carson 
City, and Fresno, 55; San Luis Obispo, Winnemucca, Wil- 
liston, and Miles City, 54. The smallest values were: Cor- 
= Christi, 18; Port Eads, 10; Point Reyes Light, 21; Key 

est, San Francisco, Tatoosh Island, and Woods Hole, 22. 

The accwmulated monthly departures from normal tempera- 
tures from January 1 to the end of the current month are 
given in the second column of the following table, and the 
average departures are given in the third column for compari- 
son with the yo: of current conditions of vegetation 
from the normal condition. 


Accumulated Accumulated 
departures. departures. 
Districts. a Districts. A 
ver- ver- 
° ° ° ° 

Middle Atiantic........... 2.6 0.4 || New — 0.6) —0.1 

South Atlantic........... 8.1 1.2 || Florida Peninsula........ —11.7| —1.7 

Ohio Valley and Tenn..... 9.0 1.3 
wer .. 9.5 1.4 
Bow 20.5 2.9 
North Dakota ............. 8.1 1.2 
Upper Mississippi ...... 19.9 2.8 
Missouri Valley ........... 19.3 2.8 
Northern Slope........... 9.8 1.4 
Midd'e Slope.............. 3.1 
Abilene (southern Slope). 4 3.1 
Southern Plateau ......... 5.6 0.8 
Middle Platean ........... 3.0 0.4 
Northern Plateau......... 15.9 2.3 
North Pacific............ 1.4 0.2 
Middle Pacific. ............ 1.4 0.2 

6.0 0.9 
MOISTURE. 


The quantity of moisture in the atmosphere at any time 
—_ be expressed by the weight of the vapor coexisting 
with the air contained in a cubic foot of space, or by the 
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tension or pressure of the vapor, or by the temperature 
of the dew-point. The mean dew-points for each station of 
the Weather Bureau, as deduced from observations made at 
8 a. m. and 8 p. m., daily, are given in Table I. 

The rate of evaporation from a specia] surface of water on 
muslin at any moment determines the temperature of the 
wet-bulb thermometer, but a properly constructed evaporome- 
ter may be made to give the quantity of water evaporated 
from a similar surface during any interval of time. Such 
an evaporometer, therefore, would sum up or integrate the 
effects of those influences that determine the temperature 
as given by the wet bulb; from this quantity the average 
se of the air during any given interval of time may be 

uced. 

Measurements of evaporation within the thermometer 
shelters are difficult to make so as to be intercomparable at 
temperatures above and below freezing, and may be replaced 
by computations based on the wet-bulb temperatures. The 
absolute amount of evaporation from natural surfaces not 
protected from wind, rain, sunshine, and ‘radiation, are being 
made at a few experimental stations and will be discussed in 
special contributions. 

Sensible temperatures.—The sensation of temperature experi- 
enced by the human body and ordinarily attributed to the 
condition of the atmosphere depends not merely on the tem- 
perature of the air, but also on its dryness, on the velocity 
of the wind, and on the suddenness of atmospheric changes, 
all combined with the physiological condition of the observer. 
A complete expression for the relation between atmospheric 
conditions and nervous sensations has not yet been ob- 
tained. 


PRECIPITATION. 
[In inches and hundredths.] 


The distribution of precipitation for the current month, as de- 
termined by reports from about 2,500 stations, is exhibited 
on Chart IlI. The numerical details are given in Tables I, 
II, and III. The total precipitation for the current month 
was heaviest over small regions in Florida, North and South 
Carolina, Tennessee, Virginia, eastern Pennsylvania, West 
Virginia, western Pennsylvania, Indiana, Illinois, Lowa, and 
northern Missouri, in all of which totals of 10 inches or more 
were reported. It was least, viz, inappreciable, over the 
greater part of California, Washington, and Oregon, and was 
less than 1 inch nearly everywhere in Nevada, Idaho, and 
western Montana. The larger values at regular stations were : 
Louisville, 13.0; Mobile and Tampa, 12.3; Parkersburg, 11.5; 
Kittyhawk, 10.0. 

Details as to excessive precipitation are given in Tables 
and XIII. 

The diurnal variation, as shown by tables of hourly means 
of the total precipitation, deduced from self-registering gauges 
kept at the regular stations of the Weather Bureau, is not 
now tabulated. 

The current rtures from the normal precipitation are 
given in Table I, which shows that precipitation was in ex- 
cess in the Ohio Valley and the interior of the Atlantic States. 
It was deficient in the lower Mississippi and Arkansas valleys, 
the upper Lake Region, Washington, and Oregon. The large 
excesses were: Louisville, 9.2; Parkersburg, 7.1; Hannibal, 
6.3; Columbus, Ohio, 6.2; Concordia, 6.1; Springfield, I11., 
and Mobile, 5.8; Pensacola, 5.0. The large deficits were: 
Port Eads, 6.7; Meridian, 5.8; Vicksburg, 3.8; Fort Smith, 
3.7; New Orleans, 3.6. 

The average departure for each district is also given in Table 
I. By dividing these by the respective normals the following 
corresponding percentages are obtained (precipitation is in 
excess when the percentages of the normals exceed 100): 

Above the normal: New England, 106; middle Atlantic, 
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119; south Atlantic, 120; Florida Peninsula, 125; Ohio Val- 
ley and Tennessee, 196; lower Lake, 175; upper Mississippi, 
147; Missouri Valley, 112; northern Slope, 136; middle 
Slope, 146; southern Slope, 222; southern Plateau, 190; 
middle Plateau, 292; northern Plateau, 120. 

Normal: South Pacific, 100. 

Below the normal: East Gulf, 92; west Gulf, 61; upper 
Lake, 93; North Dakota, 42; north Pacific, 3; middle Pa- 
cific, 9. 

The years of greatest and least precipitation for July are 
given in the Review for July, 1890. The precipitation for 
the current month was the greatest on record at: Tampa, 
12.30; Parkersburg, 11.46; Columbia, 8. C., 10.89; Con- 
cordia, 9.27; Springfield, Ill., 8.15; Toledo, 6.65; Cheyenne, 
6.35; Northfield, 5.99; Nantucket, 4.12; Lander, 3.00; Car- 
son City, 0.63; Fresno, 0.07. It was the least on record at: 
Meridian, 1.12; Vicksburg, 1.09; Sault Ste. Marie, 0.96; Lit- 
tle Rock, 0.86; Fort Smith, 0.72; Neah Bay, 0.08; Astoria, 

0.01; Port Angeles and Fort Canby, 0.00. 

* The total accumulated monthly departures from normal pre- 
cipitation from January 1 to the end of the current month 
are given in the second column of the following table; the 
third column gives the ratio of the current accumulated pre- 
cipitation to its normal value. 


a ; 

33 | 38 Bg | 38 

45 | 33 

= 
Districts Districts. E 
| 88 | 
Inches. | Per ct. Inches. | Per ct. 
Florida Peninsula ........ 1.50 106 ew EE csacvasreeas — 3.40 87 
Lower Lake .........+.+ «- 2.10 110 || Middle Atlantic.......... — 0.10 100 
North Dakota............. 1.40 111 || South Atlantic........... — 4.00 87 
Upper Mississippi ......... 1.00 105 || East Gulf................- — 5.00 86 
Missouri Valley ........... 0.70 103 || West Gulf ................ — 7-40 72 
Northern Slope ..........- 0.20 102 || Ohio Valley and Tenn....| — 2.80 91 
Southern Plateau. ....... 0.50 112 Upoer Lakes .........000. — 2.60 86 
Middle Plateau ........... 2.20 128 || Middle Slope............- — 1.30 91 
North Pacific.............. 4.20 112 | Abilene (southern Slope).| — 4.50 70 
Middle Pacific ............ 2.60 114 || Northern Plateau........ — 0.70 ae 
South Pacific. ............ — 1.9 
HAIL. 


The following are the dates on which hail fell in the 
respective States: 

Alabama, 22, 31. California, 20, 24, 27, 28. Colorado, 8, 
9, 10, 13, 15, 17, 19, 21, 24, 25, 27, 28,30. Connecticut, 13. 
Georgia, 18, 31. Idaho, 1, 12,27, 29. Illinois, 21, 25, 26. In- 
diana, 3, 23, 28, 29, 30. Iowa, 21, 26, 27,31. Kansas, 9, 28. 
Kentucky, 2, 4, 28, 30. Maryland, 27, 28, 29. Massachusetts, 
3, 29. Michigan, 4. Minnesota, 2, 11, 12, 14,19. Missouri, 
4, 15,31. Montana, 1, 2, 26, 29. Nebraska, 26, 28,31. Ne- 
vada, 8, 11, 21, 23, 25, 29, 30. New Jersey, 30. New Mexico, 
10, 28. New York, 3. North Dakota, 12, 17,28. Ohio, 2, 6, 
14, 27, 28, 30. Oregon, 11. Pennsylvania, 13, 23. South 
Dakota, 10, 14, 18, 25, 26, 28, 29. Tennessee, 2. Texas, 4, 6, 
16. Utah, 13 to 17, 22, 26. Virginia, 28. West Virginia, 29. 
Wisconsin, 3, 14, 26, 29. Wyoming, 21. 


WIND. 


The prevailing winds for July, 1896, viz, those that were 
recorded most frequently, are shown in Table I for the regular 
Weather Bureau stations. 

The resultant winds, as deduced from the personal observa- 
tions made at 8 a. m.and 8 p.m., are given in Table IX. 
These latter resultants are also shown 0 agate on Chart 
IV, where the small figure attached to each arrow shows the 
number of hours that this resultant prevailed, on the assump- 
tion that each of the morning and evening observations rep- 
resents one hour’s duration of a uniform wind of average 
velocity. These figures indicate the relative extent to which 
winds from different directions counterbalanced each other. 


HIGH WINDS. 


Mazxin.um wind velocities of 50 miles or more per hour 
were reported during this month at regular stations of the 
Weather Bureau as follows (maximum velocities are averages 
for five minutes; extreme velocities are gusts of shorter du- 
ration, and are not given in this table): 


A > > 
Miles Miles! 
Amarillo, Tex .......... 14 56 | w. Pensacola, Fla ........ 7 72) n. 
Cleveland, Ohio ........ 26 66 | w. Philadelphia, Pa ...... 27 53 | n. 
Kittyhawk, N.C........| 16 54 | w. Sioux City, lowa....... 26 52 | nw. 
New York, N. Y......-- 27 5O | nw. 


SUNSHINE AND CLOUDINESS. 

The quantity of sunshine, and therefore of heat, received 
by the atmosphere as a whole is very nearly constant from 
year to year, but the proportion received by the surface of 
the earth depends upon the absorption by the atmosphere, 
and varies largely with the distribution of cloudiness. The 
sunshine is now recorded automatically at 17 regular sta- 
tions of the Weather Bureau by its photographic, and at 
24 by its thermal effects. At one station records are kept by 
both methods. The photographic record sheets show the ap- 
parent solar time, but the thermometric sheets show seventy- 
fifth. meridian time; for convenience the results are all given 
in Table XI for each hour of local mean time. 

Photographic and thermometric registers give the duration 
of that intensity of sunshine which suffices to make a record, 
and, therefore, they generally fail to record for a short time 
after sunrise and before sunset, because, even in a cloudless 
sky, the solar rays are then too feeble to affect the self- 
registers. If, therefore, such records are to be used for de- 
termining the amount of cloudiness, they must be supple- 
mented by special observations of the sky near the sun at 
these times. The duration of clear sky thus specially de- 
termined constitutes the so-called twilight correction (more 
properly a low-sun correction), and when this has been ap- 
plied, as has been done in preparing Table XI, there results 
a complete record of the clearness of the sky from sunrise to 
sunset in the neighborhood of the sun. The twilight 
correction is not needed when the self-registers are used for 
ascertaining the duration of a special intensity of sunshine, 
but is necessary when the duration of cloudiness is alone de- 
sired, as is usually the case. 

The average cloudiness of the whole sky is determined by 
numerous personal observations at all stations during the 
daytime, and is given in the column “average cloudiness” in 
Table 1; its complement, or percentage of clear sky, is given 
in the last column of Table XI. 


COMPARISON OF DURATIONS AND AREAS. 


The sunshine registers give the durations of effective sunshine 
whence the duration relative to possible sunshine is derived ; 
the observer’s personal estimates give the percentage of area 
of clear sky. These numbers have no necessary relation to 
each other, since stationary banks of clouds may obscure the 
sun without covering the sky, but when all clouds have a 
steady motion past the sun and are uniformly scattered over 
the sky, the percentages of duration and of area agree closely. 
For the sake of comparison, these percentages have been 
brought together, side by side, in the following table, from 
which it appears that, in general, the instrumental records of 
percentages of durations of sunshine are almost always larger 
than the observers’ personal estimates of percentages of area of 
clear sky ; the average excess for July, 1896, is 11 per cent for 
photographic and 12 per cent for thermometric records. 
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The details are shown in the following table, in which the 
stations are arranged according to the greatest possible dura- 
tion of sunshine, and not according to the observed duration 
as heretofore. 


Difference between instrumental and personal observations of sunshine. 


of sunshine. 
[2s 
Stations. £3 
2 
5 
~ 
P.| 471.7; | +11 |.....]...... 
T.| 405.2) 5B}... .j.....- 64 6 
6 ccc T.| 41.8; 4 |.....]...... 51 5 
T.| 461.8] 68 |.....|...... 66 x 
P.| 41.8; 4) 50! +13 )}.....]...... 
cocces cece T.| 461.8] 64 5 
BOWE. 650000 T.| 461.8) 44 |... 69 
Salt Lake City T.| 458.6| 71 | +81|...../...... 
T.| @5.2| 48) 441 
P.| 455.2; 58) 63 +10 |...../...... 
bc T.| 458.0| 87 |.....]...... 48 11 
OEE, 00 ccc T.| 468.0) 54 81 
Kansas OT: seve P.| 458.0 61 | + 
Bb. MO eves T.| 458.0/ 72| +16 
ashington, D.C... P.| 458.0 
Louisville, Ky .. T.| 400.1] 61 ].....]...... 
cece T.! 40.1! 67 /|..... cool 9 
T.| 480.7) 42|.....]...... 58; +16 
sees P.| 487.2) GO| 7B | +28 
Savannah, GA... P.| 434.5) 46) 61 | +15 |.....)...... 
0.00 T. | 4304.5 | SB 89 4 


ATMOSPHERIC ELECTRICITY. 


Numerical statistics relative to auroras and thunderstorms 
are given in Table X, which shows the number of stations 
from which meteorological reports were received, and the 
number of such stations reporting thunderstorms (T) and 
auroras (A) in each State and on each day of the month, re- 
spectively. 

Thunderstorms.—The dates on which reports of thunder- 
storms for the whole country were most numerous were: 
3d, 224; 4th, 202; 18th, 209; 15th, 338; 22d, 205; 27th, 247. 

Thunderstorm reports were most numerous in: Illinois, 
239; Lowa, 201; Missouri, 275; North Carolina, 241; Ohio, 
482; Pennsylvania, 202. 

Thunderstorms were most frequent in: North Carolina, 31 
days; Colorado, 30; Georgia and New Mexico, 29; Florida 
and South Carolina, 28; Kansas, Tennessee, and Texas, 27. 

Auroras.—The evenings on which bright moonlight must 
have interfered with observations of faint auroras are assumed 
to be the four preceding and following the date of full 
moon, viz, from the 20th to the 28th, inclusive. On the re- 
maining twenty-two days of this month 104 reports were re- 
ceived, or an average of about 5 per day. The date on which 
te aga of reports especially exceeded this average was: 
_ Auroras were reported by a large proportion of observers 
in: Montana, 38; North ota, 28; Wisconsin, 17 per cent. 


Auroras were reported most frequently in: Montana and 

_— Dakota, 6 days; New Jersey, Ohio, and Wisconsin, 4 
ays. 
CANADIAN REPORTS. 

Thunderstorms were reported as follows: St. Johns, 11th; 
Grindstone, 15th; Halifax, 3lst; Grand Manan, 13th; Yar- 
mouth, 13th, 15th, 16th; St. Andrews, 11th, 13th; Charlotte- 
town, 18th, 16th; Chatham, 2d, 12th; Father Point, 12th, 
22d; Quebec, 12th, 17th, 22d, 27th, 30th; Montreal, 5th, 6th, 
13th, 15th, 22d, 30th; Rockliffe, 22d; Toronto, 6th, 12th, 
28th, 29th; Port Stanley, 4th, 13th, 14th, 15th, 26th to 29th, 
3ist; Saugeen, 4th, 13th; Parry Sound, 9th, 14th, 22d; Port 
Arthur, 2d, 12th, 22d, 26th; Minnedosa, 4th, 14th, 15th, 17th, 
19th; Qu’Appelle, 16th, 19th, 29th; Medicine Hat, Ist, 2d, 
16th; Swift Current, Ist, 7th, 9th, 12th; Calgary, 24th, 
28th; Prince Albert, 8th, 16th, 24th, 30th, 31st; Battleford, 
8th, 10th, 16th. 

Auroras were reported as follows: Sydney, 11th; Grand 
Manan, 11th; Charlottetown, 11th; Father Point, 11th; Que- 
bec, 10th, 11th, 13th, 23d, 31st; Montreal, 11th; Toronto, 
lith; Winnipeg, 2d, 6th; Minnedosa, 4th, 8th, 10th, 11th, 
12th; Prince Albert, 3d. 


INLAND NAVIGATION. 


The extreme and average stages of water in the rivers for 
the current month are given in Table VIII, from which it 
appears that the Congaree, at Columbia, S. C., rose to 3.2 
above danger line on the 8th, and the Willamette, at Port- 
land, Oreg., rose to 8.5 above danger line on the 3d._In ad- 
dition to these the Wabash, at Mount Carmel, II1., was within 
0.7 of the danger line from the 29th to 31st, and the Sa- 
vannah at Augusta was within 2.4 of danger on the 10th. 
The Missouri at Kansas City was within 1.9 on the 6th. 


LOCAL FLOODS. 


Very many reports of high water and great damage due to 
local rains in small streams have come to hand; these are 
summarized in the following brief list arranged by dates. 
Most of these reports are culled from telegrams in the daily 
papers and are liable to occasional errors of one day. 

5th.—Bellaire, Belmont County, Ohio; Ohio and Marshall 
counties, and Moundsville, W. Va.; Pipe Creek, Ohio, opposite 
Moundsville; Four Mile, near Jackson, Ohio; Frankfort, Ky. 

6th.—New York, N. Y., and vicinity; Newark and Fleming- 
ton, N.J.; Laurel Hill, L. I. 

10th.—Iredell, Yadkin and Catawba Rivers, Scotland Neck, 
Tillery, and Roanoke River, N. C. 

12th.—Weldon, N. C. 

14th.—McArthur, Ohio; Pittsburg and City, 
Pa.; Phoenix, Ash Fork, Martinez, Congress, and Kyrene, 
Ariz. 

15th.— Pittsburg, Alleghany City, Turtle Creek, Wilmerd- 
ing, Greensburg, Export, Delmont, and Crabtree, Pa.; New 
York, N. Y.; Grantsville, Yellow Creek, Carrollton (7.30 p.m.), 
Marietta, and Lima, Ohio. 

18-19th.—Kansas City, Kans. (local paper called this a 
cloud-burst, although only three inches of rain fell in two 
hours); Warrensburg, Macon, Shelbina, Blue Springs, and 
Hannibal, Mo.; Warsaw, Valparaiso, and Anderson, Ind.; 
Fairbury and Percy, Ill.; Erie, Pa. 

20th.—Portsmouth, Bowling Green, Wood County, and 
Wauseon, Ohio; Pittsburg and Alleghany City, Pa.; Cen- 
tralia, Ill., 20th, 10 p. m. to 21st, 10 a. m., very heavy rain; 
Evansville (8.25 a.m. of the 20th to 8 a. m.of 21st, heavy 
rain), and Brazil, Ind. 

20th-21st—Bensons Creek, four miles from Frankfort, 
Shelbyville, Lexington, Louisville, Shelby, Fayette and Wood- 
ford counties, Lawrenceburg, Ky.; Manchester, Newton, Win- 
chester, Aberdeen, and West Union, Ohio. 
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2ist.—Jackson, Oak Hill, Batavia, and Lima, Ohio; Des 
Moines, Iowa; Rockford, Ind.; Parkersburg, W. Va. 

20th-22d.—Cumberland, Md.; Clarksburg, Piedmont, and 
Buckhannon, W. Va.; Worelsdorf, Pa. 

= aa Wayne, Ind.; Findlay, Ohio (8.45 a. m. until 
noon ). 

21st-23d.—Muncie, Ind.; Springfield, Grafton, Caldwell, 
Zanesville, Dayton, Marietta, Portsmouth, Shawnee, London, 
and Newark, Ohio; Richmond, Ky.; Pittsburg, Pa.; Sister- 
ville, Charleston, and Parkersburg, W. Va. 

23d.—Ashland, Ky. (2.45 p. m. violent storm of rain passed 
19 miles west of Ashland and 2 miles east of Denton). 

23d-24th.—Somerset (rainfall 6 inches), Stockport (eight 
inches), South Charleston, Springfield (23d, 10 p. m., cloud- 
burst), Enon, Osborne, Cold Springs, Durboin, r% > City, 
Tremont City, Shattuck, Lima, Tadmore, Fremont, Findlay, 
Lancaster, Caldwell (23d, 11 p. m., to 24th, 8 a. m.), Zanes- 
Ling a ane Grove City, London, Newark, and Shawnee, all 
in Ohio. 

24th.—Morrison and Golden, Colo., and Bear Creek and 
Mount Vernon canyons, near Denver. This storm apparently 
extended from Boulder to near Pueblo; rained hard in Pueblo 
all day, beginning at 4 p. m., and very severe after 7; Warsaw 
and Arcola, Ill.; Terre Haute, Ind. (minor tornado at 3 a. 
m.); flood in the Monongahela, the worst for twenty-five years ; 
Wheeling, W. Va. (2 a. m., to2 p. m., heavy rain for the sec- 
ond time within three days); Gallipolis, Ohio (20-24th, 
rain every day and night for five days); Shawnee, Ohio (24th 
a. m., very hard rain and wind, the hardest ever known); 
New Lexington, Ohio (23d, 11 p. m., to 24th, 7a. m.); Har- 
risburg, Ohio (23d, 9 p. m., to 24th, 6 a. m.); Marietta and 
Zanesville, Ohio (23d-24th, heaviest rains ever known); Bev- 
erly, W. Va. 

25th.—Braddock, Pa., 4.45 p.m. heavy rain began; Port 
Perry, Pa. (heavy rain in the valley of the Monongahela, 70 
miles above this place, and great flood here). 

26th.—Dubuque, Iowa, worst storm on record; a rain in 
the morning, another in the afternoon, and a violent storm of 
wind and rain in the evening; the neighboring country gen- 
erally flooded, with loss of bridges and crops. 

26-27th.—Delaware, Ohio, heavy rain last night; the farm- 
ers say that the excess of rain this year is more disastrous 
than the drought of 1895. 

27th.—Port Perry, Pa. (very violent); McKeesport, Pa., 4 


p. m. (heavy rain, great damage); Homestead, Pa. (heavy 


rain began with strong wind between 4 and 5 p. m.; raining 
heavily until 10 p. m.); Elkhorn, Pa. (no storm on the 25th, 
but very heavy leliaia 9 p. m. and midnight July 27th; 
terrible rain ). 

27-28th.—Pittsburg and Alleghany counties, and Cecil, 
Washington Co.; West Newton, Buena Vista, Perryopolis, 
Uniontown, Westmoreland, Grove City, Beaverfalls, Brownes- 
ville, Philipsburg, Jeannette, Indiana Co., Bellefonte, Irwin, 
Washington, McDonnel, Mount Pleasant, all in Pennsylvania 
(severe wind and rain, sometimes described as a cloudburst). 

28th.—Frankfort, 10 p.m., 27th to 7 a. m., 28th; Elwood, 
Fowler, Newcastle, and Anderson, violent rain and hail dur- 
ing the night (six inches of rain supposed to have fallen) ; 
Tipton, Frankton, Noblesville, Bluffton (one hail-stone 
weighed one pound and seven ounces); Crawfordsville, Ar- 
cadia, Muncie (frightful wind); Montpelier (hailstones 17 
inches in circumference); Rushville (4.40 p. m. rain and 
hail) ; Cicero, Lebanon, Lafayette, Terre Haute, (hailstorm, 4 
p. m.); Kokomo; all in Indiana. 

29th.—Chillicothe, Ohio; Glouster, Athens Co., Ohio (8 p. 
m., destructive gales from northwest and southwest, possibly a 
tornado and rain); Columbus, Ohio (small tornado 29th, p. 
m.); Circleville, Ohio; South Charleston and Germantown, 
Ohio (destructive wind); Blendon, Franklin Co., Ohio (7.30 
p. m., violent wind and rain); Pleasantville, Ohio (8 p. m., 
tornado); Mentone, Ind. (tornado, 3 p. m.); Portland, Ind. 
Uniondale, Ind. (destructive wind) ; Biuffton, Ind. (destruc- 
tive wind); Geneva, Ind., destructive wind. 

30th.—Salem (two storms, early a. m. and noon); Ports- 
mouth, Ohio, and the Scioto Valley (p. m.); Steubenville, 
Ohio (2.15 to 2.50 p. m. cloudburst, 34 inches); Stockport, 
Ohio (violent wind and rain); Briggsdale, Ohio (most vio- 
lent wind and rain); East Liverpool, Ohio (2.30 p. m., cloud- 
burst); Springfield, Ohio (p.m. whirling tornadic wind and 
rain); Alliance, Ohio (noon and 2 p. m. two heavy thun- 
derstorms); Portsmouth, Ohio (29-30th fierce storm); 5 
miles north of Delaware, Ohio (cloudburst); Jackson, Ohio 
(29-30th, heavy rain and wind); Harrisburg, Ohio (29-30th 
windstorm at night); Pickerington, Ohio (incipient tornado, 
at night 29-30th); Delaware, Ohio (6 p. m., small cloud- 
burst); Glenville, W. Va. 

31st.—Martins Ferry, Ohio (began 4 a. m., lasted thirty 
minutes). 


CLIMATE AND OROP SERVICE. 


By James Berry, Chief of Climate and Crop Service Division. 


The following extracts relating to the general weather con- 
ditions in the several States and Territories are taken from 
the monthly reports of the respective services. 

Snowfall and rainfall are expressed in inches. 


Alabama.—The mean temperature was 80.9°, or 3.0° below normal; 
the highest was 105°, at Asheville on the 29th and 30th and Tusca- 
loosa on the 31st, and the lowest, 50°, at Madison on the 9th. The 
average precipitation was 5.06, or 0.66 above normal; the greatest 
monthly amount, 12.57, occurred at Newton, and the least, 105, at 
Uniontown. 

Arizona.—The mean temperature was 83.3°, or 3.3° above normal; the 
highest was 120°, at Texas Hill and Fort Mohave on the 14th, and the 
lowest, 45°, at Flagstaff on the 27th and 29th. The average precipita- 
tion was 3.10, or 1.90 above normal; the greatest monthly amount, 6.92, 
occurred at Walnut Ranch, and the least, “‘ trace,” at Parker. 

Arkansas.—The mean temperature was 83.5°, or 3.3° above normal, 
the highest July mean during the past fourteen years; the highest was 
110° at Malvern, on the 31st, and the lowest 52°, at Silver Springs on the 
9th. The average precipitation was 1.61, or 2.30 below normal; the 
greatest monthly amount, 7.50, occurred at Corning; Elon reported no 
The —— that prevailed over all but a small area in the north- 

tate, together with the very high temperature and hot 


rain. 
east part of the 


drying winds, did irreparable injury toall growing crops. Cotton, which 
at the beginning of the month never showed a better prospect for a very 
large yield, had, through shedding and premature opening of bolls, so 
deteriorated that at the end of the month there was but a very poor 
crop in sight. Corn was seriously injured and almost a total failure in 
many localities. The hay crop is short, pastures drying up, and stock 
water very scarce. The “oldest inhabitants’’ report the drought the 
most severe since 1874. 

California.—The mean temperature was 76.6°, or 3.5° above normal; 
the highest was 124°, at Volcano Springs on the 12th, and the lowest, 
27°, at Quincy on the 28th. The average precipitation was 0.09, or 0.04 
above normal; the greatest monthly amount, 2.57, occurred at Isabella; 
numerous places reported no rainfall. 

Colorado.—The mean temperature was slightly above normal; the 
highest was 104°, at Minneapolis on the 22d, and Lamar on the 29th, 
and the lowest, 28°, at Gunnison on the 2ist. The average precipitation 
was 2.32, or 0.05 below normal; the greatest monthly amount, 5.00, oc- 
curred at Lake Moraine, and the least, 0.07, at Vilas. 

Florida.—The mean temperature was 81.4°, or 1.2° below normal; the 
highest was 103°, at McClenny on the 30th, and the lowest, 57°, at Talla- 
hassee on the 7th. The average precipitation was 8.18, or 1.36 above 
normal. The gréatest monthly amount, 19.97, occurred at Milton, and 
the least, 2.43, at Merritts Island. The hurricane that swept the west- 
ern portion of the State on the 7th was one of the severest in the his- 
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tory of the service, and did incalculable damage to the various crops of 
the extreme western counties. The damage was particularly great in 
Escambia County. Cotton and corn were prostrated, and nearly all 
fruit was ruined. The heavy rainfall, in conjunction with the wind, 
made conditions worse, and many fields were badly washed. 

Georgia.—The mean temperature was 80.0°, which is normal; the 
highest was 105°, at Millen on the 30th, and the lowest, 49°, at Diamond 
on the 15th. The average precipitation was 8.26, or 3.10 above normal; 
the greatest monthly amount, 13.10, occurred at Toccoa, and the least, 
2.44, at Millen. 

Idaho.—The mean temperature was 71.0°; the highest was 107°, at 
Payette and Pollock on the 5th, and the lowest, 31°, at Chesterfield on 
the 24th. The average precipitation was 0.73; the frosts monthly 
amount, 1.86, occurred at Tdaho City, while no rain fell at Minidoka. 

Minois.—The mean temperature was 75.2°, or 0.7° below normal; the 
highest was 106°, at Mascoutah, and the lowest, 39°, at Chemung. The 
average precipitation was 6.35, or 3.34 above normal; the atest 
ey amount, 12.14, occurred at Atwood, and the least, 2.20, at 

errin. 

Indiana.—The mean temperature was 75.0°, or 0.4° above normal; 
the highest was 100°, at Angola on the 3d, Evansville and Huntington 
on the 30th, and Vincennes on the 27th and 29th, and the lowest, 42°, 
at Hammond on the 16th. The average precipitation was 7.61, or 4.27 
above normal; the greatest monthly amount, 12.78, occurred at Angola, 
and the least, 2.88, at Huntington. 

Iowa.—The mean temperature was 73.6°, or 0.5° below normal; the 
highest was 104°, at Malvern on the 3d, and the lowest, 42°, at Elkader 
and Mason City on the 7th, 9th, and 17th. The average precipitation 
was 6.00, or 2.60 above normal; the greatest monthly amount, 12.67, 
occurred at Mooar, and the least, 1.61, at Rock Rapids. 

‘ansas.—The mean temperature was 78.1°, or 0.5° above normal; the 
highest was 108°, at Winfield on the 30th, and the lowest, 48°, at New 
England Ranch on the 23d. The average precipitation was 4.75, or 
1.25 above normal; the greatest monthly amount, 10.96, occurred at 
Wakefield, and the least, 0.90, at Morton and Tribune. 

Kentucky.—The mean temperature was 77.4°, or 1.1° above normal; the 
highest was 103°, at Sandy Hook on the Ist, and at Paducah on the 
30th, and the lowest, 47°, at Maysville on the Ist. The average pre- 
cipitation was 7.44, or 3.06 above normal; the greatest monthly amount, 
13.01, occurred at Louisville, and the least, 2.76, at Princeton. 

Louisiana.—The mean temperature was 83.2°, or 1.7° above normal; 
the highest was 109°, at Liberty Hill and Oakridge on the 3lst, and 
the lowest, 53°, at Amite and Davis on the 9th. The average precipi- 
tation was 2.36, or 3.46 below normal; the test monthly amount, 
7.76, occurred at Cameron, while no rain fell at Lake Providence, 
Minden, and Monroe. The month was the driest Julyon record since 
State observations began. The lack of rainfall in the northern par- 
ishes was disastrous to all vegetation, and, combined with the extreme 
heat of the latter part of the month, served to burn up pastures and 
work material harm to the cotton and corn crops, causing the former 
to shed and open prematurely, and the latter to wilt. 

Meryland.—The mean temperature was 76.0°, or 0.9° above normal; 
the highest was 99°, at Western Port on the 13th, and Wilmington, Del., 
on the 29th, and the lowest, 40°, at Deer Park and Sunnyside on the 
17th. The average precipitation was 5.22, or 1.45 above normal; the 
greatest monthly amount, 15.27, occurred at Sunnyside, and the least, 
2.34, at Easton. 

Michigan —The mean temperature was 69.1°, or 0.2° below normal; 
the highest was 98°, at Baraga, on the Ist, and at Port Austin, Fitch- 
burg, and Adrian on the 2d; the lowest was 32°, at Powers on the 17th. 
The average precipitation was 3.47, or 1.38 above normal; the greatest 
poy amount, 8.88, occurred at Hanover, and the least, 0.60, at 

orth port. 

Minnesota.—The mean temperature was 69.9°; the highest was 100°, 
at Lesueur, Granite, and Glenwood onthe 12th, and at Bingham Lake 
on the l4th, and the lowest, 36°, at Breese on the 23d. The average 

recipitation was 1.88; the greatest monthly amount, 4.39, occurred at 

ount Iron, and the least, 0.33, at Cambridge. 

Mississippi.—The mean temperature was 82.9°, or 1.6° above normal; 
the highest was 106°, at Columbus on the 28th, and the lowest, 50°, at 
Corinth on the 9th. The average precipitation was 2.19, or 1.65 below 
normal; the greatest monthly amount, 6.55, occurred at Leakesville, and 
the least, 0.16, at Austin. At many places in the western portion the 
fall was equally as light as that at Austin, and the severe drought which 
was almost eakveseal in that section injured cotton and corn and all 
minor crops which promised well at the beginning of the month. Cot- 
ton began to open prematurely and cotton picking was the earliest of 
record, the “ first bale’’ was received at Vicksburg on the 22d. 

Missouri.—The mean temperature was 77.2°, or 0.1° above normal; 
the highest was 108°, at Grovedale on the 3lst, and the lowest, 48°, 
at Houston on the 8th, and at Potosi and Mount Vernon on the 9th. 
The average precipitation was 5.75, or 1.84 above normal; the greatest 
monthly amount, 14.98, oceurred at Downing, and rthe least, 1.51, at 


Minera Spring 
Montana.—The mean temperature was 68.0°, or about normal; the 
highest was 111°, at Musselshell on the 9th, and the lowest, 30°, at 


Marysville on the 2ist. The average precipitation was 1.26, or 0.56 
above normal; the greatest monthly amount, 4.95, occurred at Fort 
Custer, and the least, “‘ trace,’”’ at Troy. 

Nebraska.—The mean temperature was 74.3°, or 0.5° below normal; 
the highest was 109°, at Norman on the 26th, and the lowest, 44°, at 
Lexington on the 10th. The average precipitation was 3.87, or 0.36 
above normal; the greatest monthly amount, 9.52, occurred at Odell, 
and the least, 0.53, at Culbertson. . 

New England.—The mean temperature was 70.0°, or 0.8° above nor- 
mal; the highest was 96°, at Lewiston, Me., and North Conway, N. H., 
on the 2d, and the lowest, 39°, at West Milan, N. H., onthe 24th. The 
omeees precipitation was 3.66, or 0.06 below normal; the greatest 
monthly amount, 6.67, occurred at Falls Village, Conn., and the least, 
1.34, at Providence, R. I. 

ew Jersey.—The mean temperature was 75.0°, or 0.5° above normal; 
the highest was 98°, at Millville on the 29th, and the lowest, 47°, at 
Charlotteburg on the Ist and 26th. The average precipitation was 5.50, 
or 1.18 above normal; the greatest monthly amount, 13.29, occurred at 
Belvidere, and the least, 2.45, at Camden. 

New Mexico.—The mean temperature was slightly below normal; the 
highest was 104°, at Rincon on the 8th, and the lowest, 34°, at La Belle 
on the 10th. The precipitation was abundant; the greatest monthly 
amount, 8.77, occurred at Winsors Ranch, and the least, 0.73, at Olio. 

New York.—The mean temperature was 70.7°, or 0.7° above normal; 
the highest was 95°, at Avon on the 2d, and Middletown and Platts- 
burg Barracks on the 3d, and the lowest, 40°, at Friendship on the 17th 
and 18th, and Saranac Lake on the 3lst. The average precipitation 
was 4.85, or 1.19 above normal; the greatest monthly amount, 8.71, 
occurred at Port Jervis, and the least, 2.43, at North Hammond. 

North Carolina.—The mean temperature was 77.4°, or 0.2° below nor- 
mal; the highest was 103°, at Tarboro on the 30th, and the lowest, 44°, 
at Highlands on the 9th. The average precipitation was 8.19, or 2.67 
above normal; the greatest monthly amount, 13.77, occurred at Flat 
Rock, and the least, 3.23, atSelma. July was remarkable for its exces- 
sive rains and the great heat during the latter part. The average pre- 
cipitation for the month, 8.19, is the highest on record for North Caro- 
lina during twenty-five years. The heaviest rains occurred on the 7th 
and 8th, and some of the amounts were very large. A rapid rise 
occurred in the streams over the entire State with an enormous amount 
of ay to lowland crops, especially corn. 

North Dakota.—The mean temperature was 67.5°, or 1.1° below normal; 
the highest was 107°, at Medora on the llth, and the lowest, 31°, at 
Dickinson on the 27th. The average precipitation was 1.59, or 1.27 be- 
low normal; the greatest monthly amount, 4.78, occurred at Wahpeton, 
and the least, 0.47, at Minto. 

Ohio.—The mean temperature was 73.2°, or 0.3 above normal; the 
highest was 102°, at Warsaw on the 27th, and the lowest 40°, at An- 
napolis on the 17th. The average precipitation was 8.11 (the wettest 
month on record), or 4.63 above normal; the greatest monthly amount, 
16.13, occurred at Demos, and the least, 3.60, at Orangeville. The con- 
tinued wet weather, storms, and floods proved very damaging to crops 
on lowlands. Oats and wheat in stack and beck were seriously in- 
jured by too much rain. 

Oklahoma.—The mean temperature was 82.0°; the highest was 109°, 
at Anadarko on the 24th, and the lowest, 54°, at Beaver on the 4th. 
The average precipitation was 2.96; the Sees monthly amount, 6.14, 
occurred at Winnview, and the least, 0.35, at Tahlequah. 

Pennsyloania.—The mean temperature was 72.8°, or 1.7° above normal; 
the highest was 98°, at Aqueduct on the 13th, and the lowest, 40°, at 
Smethport and Shinglehouse on the 17th, and Confluence on the 2ist. 
The average precipitation was 6.89, or 2.59 above normal; the greatest 
monthly amount, 15.59, occurred at Lycippus, and the least, 3.04, at 
Coatesville. 

South Carolina.—The mean temperature was 80.7°, or 0.9° above nor- 
mal; the highest was 105°, at Gillisonville and Shaws Forks on the 31st, 
and the lowest, 51°, at Walhalla on the 8th. The average precipita- 
tion was 8.17, or 2.15 above normal; the greatest monthly amount, 
15.72, occurred at Greenwood, and the least, 3.42, at St. Stephens. 

South Dakota.—The mean temperature was 71.0°, or about normal; 
the highest was 108°, at Forest City on the 2d, and the lowest, 35°, at 
Parkston on the 8th, 16th, 24th, and 25th. The average precipitation 
was 2.80, or 0.16 below normal; the greatest monthly amount, 6.82, oc- 
curred at Shiloh, and the least, 0.14, at Nowlin. 

Texas.—The temperature on an average for the State was 0.2° below 
the normal. There was a general deficiency over central and west 
Texas, the Panhandle, and the western portion of north Texas, and 
along the coast, which ranged from 1.0° to 4.0°, with the greatest de- 
ficit in the vicinity of El Paso. Over the other portions of the state 
there was a general excess, ranging from 0.3° to 0.8° over east and 
southwest Texas, and from 1.1° to 2.5° over the eastern portion of north 
Texas, with the greatest in the vicinity of Paris. The maximum was 
108°, at Camp Eagle Pass on the 4th; minimum, 52°, at Sierra Blanca 
on the 6th. The average precipitation for the State was 0.02 below the 
normal. There was a general excess over the Panhandle, west and 
south west Texas, and the coast district, with the greatest more than 4.0 
in the vicinity of Amarillo. Over the other portions of the State there 
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was a general deficiency, ranging from 0.2 to 0.92 over central and east 

Texas, and from 0.26 to 1.40 over north Texas, with the greatest in the 

= of Paris. The greatest monthly precipitation was 7.23 at Staf- 
ord. 

Utah.—The mean temperature was 72.0°, or about 1.0° below normal; 
the highest was 111°, at St. George on the 11th, and the lowest, 33°, at 
Soldier Summit on the Ist. The average precipitation was 1.81; the 

scary —ee amount, 3.85, occurred at Koosharem, and the least, 
-12, at Cisco. 

Virginia.—The mean temperature was 76.3°, or about normal; the 
highest was 102°, at Bonair on the 28th, and the lowest, 42°, at Blacks- 
burg on the 8th. The average precipitation was 6.99, or 3.38 above 
normal; the greatest monthly amount, 11.23, occurred at Spottsville, 
and the least, 3.35, at Birdsnest. 

Washington.—The mean temperature was 68.2°, or 3.3° above normal; 
the highest was 112°, at Bridgeport, Fort Simcoe, and Connell, and the 
lowest, 37°, at Blaine on the 29th, and Hunters onthe 22d. The aver- 
age precipitation was 0.06, or 0.50 below normal; the greatest monthly 
amount, 0.60, occurred at Rosalia; no rain fell at more than half of the 
stations. The chief characteristicof the month of July, 1896, was the 
general absence of precipitation. Seldom,if ever, has there been such 
a protracted drought in the eastern section, and in the western section 
there has been but one like it since the settlement of the country; that 
was in 1883. This year, at 80 per cent of the stations no rain at all fell, 
or only the slightest trace. The drought begun in June, there having 
been scarcely any rain after the 9th. In the eastern section of the State 
there were a few scattered thunderstorms during the month of July. 

West Virginia.—The mean temperature was 73.2°, or about 2.0° be- 


low normal; the highest was 97°, at Hewett on the 29th, and the low- 


est, 46°, at Beckly on the 10th, and Bloomery on the 18th. The aver- 


age rainfall was 9.07, or nearly 5.0 above normal; the greatest monthly 
amounts were 15.70, at Phillippi; 15.60, at Beverly; 15.15, at Weston, and 
15.09, at New Martinsville. The least amount was 2.91 at Green Sul- 
phur a Exceedingly heavy rains occurred in the northern-cen- 
tral and Ohio Valley counties, and in other sections the rainfall was 
considerably above thenormal. The rivers of the northern part of the 
State were tlooded to a height greater than ever before known at this 
period of the year, and very great damage was done to crops and rg ane 
along their courses and on lowlands. In many localities the cro 
were totally destroyed, and in all sections were more or less injured by 
the wet weather. These storms were generally electrical, and in some 
cases exhibited tornadic tendencies. The observer at Beverly reports 
the occurrence, on the 24th, of the most disastrous storm that ever vis- 
ited that valley, and at Glenville, on the 30th, a storm occurred which 
was said to have been the severest ever known in that locality, and 
which exhibited the character of a tornado. The heaviest of these 
pre —- from the 13th to 16th, the 21st to 25th, and on the 28th 
an 

Wisconsin.—The mean temperature was 69.8°, or less than 1.0° be- 
low normal; the highest was 100°, at Medford on the 3d and Osceola 
Mills on the 12th, and the lowest, 34°, at Antigoon the 16th. The aver- 
age precipitation was 3.15, or slightly less than normal; the greatest 
monthly amount, 8.30, occurred at Delevan, and the least, 0.7, at Pepin. 

Wyoming.—The mean temperature was 68.0°, or about normal; the 
highest was 102°, at Lusk on the 13th, and the lowest, 32°, at Wheat- 
land on the 14th. The average pone was 2.04, being decidedly 
above normal; the greatest monthly amount, 6.35, occurred at Cheyenne, 
and the least, 0.52, at Wheatland. 


SPECIAL CONTRIBUTIONS. 


KITES IN MONTANA. 
By Mr. A. B. Cor. 

From recent letters received from Mr. R. M. Crawford, di- 
rector of the Montana section of the Climate and Crop Serv- 
ice, and from Mr. A. B. Coe, voluntary observer at Kipp, Mon- 
tana (N. 48° 45’, W. 112° 45’, elevation about 4,000 feet), we 
take the following notes, and hope that others may be led to 
pursue similar studies with the same enthusiasm. Mr. Coe 
says: 

I herewith transmit an account of a little experiment tried recently, 


cmaplozing 8 cellular kite of the dimensions described in the Novem- 
ber, 1895, Weatuer Review for the purpose, and my maximum ther- 


mometer. 
A ) ee of our climate at this station is the frequent veering of the 
wind from westerly points to north or northeast, accompanied by an 


ya mena rapid fall of temperature, and usually more or less precipi- 
tion. 

I have often thought that these cold waves did not reach very high 
up, and that at no great height above them the warm southwest wind | 
still prevailed. For several days prior to July 29, 1896, my maximum 
had been climbing up into the nineties too frequently for comfort. 
The air was dense with smoke, when the wind suddenly veered to the | 
northeast, blowing steadily at about 15 or 20 miles an hour, and pretty. 
thoroughly clearing the atmosphere of smoke. The temperature fell 
51° in the next twenty-four hours, and on the 2ist the clouds were 
dragging on the ground, and precipitating both rain and snow. At. 
11.30 a. m., on that date, my minimum thermometer registered 32°, but | 
only for about twenty minutes, when it rose to 38°. From occasional | 

limpses of the sun obtained through breaks in the clouds, and from | 
its red appearance, it was evident that there was another current of air 
full of smoke at a low altitude, blowing from the west, and undisturbed 
by the cold wave from the northeast beneath it. 

The time and circumstances seemed propitious to test my theory, so 
I climbed to the top of a hill near my home, which I found by triangu- 
lation to be about 200 feet above my usual place of observation. Thither 
I bore my tailless kite, maximum thermometer, and 4,800 feet of No. 
24 twine, tagged at every 100 feet for convenience in computing eleva- 
tion. I secured the thermometer firmly in a pasteboard tube, open at 
both ends, and fastened this to my kite with wire. At 1.15 p. m. the 
surface temperature was 38°, when with the help of an assistant I soon 
had both kite and instrument mounting steadily upward on a flight of 
exploration. 

will have to add right here, that my kite is a “‘stayer,’’ and the 
only one of any description I ever made that would fly. I let it ran 
out 1,000 feet, and on drawing it in found that there was no difference 
in its registration. Again I let it out, and it was not until 3,900 feet of 


twine had unreeled that any change in its action was observed; then 
REv. 


I noticed that the kite above the fog and clouds was pulling nearly 
northeast, instead of southwest, as at first. Upon pulling it in, during 
which operation it again assumed its strain to the southwest, I was 
overjoyed to discover that the register stood at 77°, while at the 
point where I stood it remained at 39°. Being anxious to make sure 
that there was no mistake, I sent the instrument up again, and ob- 
tained a like result at about the same altitude, the kite going through 
the same movements as at first; but whether my observation is of any 
value aside from the personal satisfaction derived, is a question. ’ 
I anticipate some interesting experiments this coming winter in this 
direction, to determine, if possible, at what elevation the warm winds 
locally termed “ chinooks”’ blow, at times when their influence is felt 
many miles east of this point, while remaining intensely cold here. 


In response to a request for further data‘as to the protec- 
tion of his thermometer and other matters, Mr. Coe writes: 


I employed a strong pasteboard tube 12 inches in length, and 14 inch 
in diameter for the purpose. In this I sewed my maximum thermome- 
ter securely with strong pack thread, and ong ed fine cotton around 
each end for the better protection of the tube. mente § over the tube 
I cut a slit } by 8 inches, so that the scale could be — seen without 
removing the instrument. Four feet from the belly band I secured the 
tube to the twine with fine wire. The wind was blowing a good stiff 
breeze at the time, see cer he miles an hour, and from the time the kite 
was let go until pulled in 23 and 25 minutes, respectively, elapsed, and 
the difference in temperature at each trial was the same as stated. My 
kite rose and descended very steadily without diving or pitching, so that 
I could not well believe that the difference in temperature*was caused 
by any condition other than an upper current of warm air, blowing from 
the southwest at that altitude. The clouds near the earth were very 
dense, while from another experiment tried at the same time, I am 
satisfied that the kite passed through the clouds into bright sunshine. 
I secured a strip of sensitized paper between two thin pieces of mica, 
and sent it up attached to the kite, and exposed a similar piece to the 
light on the ground, in a like manner to protect the paper from damp- 
ness. While the paper at my feet remained unchan in color to any 


extent the piece sent up was changed to a bronze black. 


SUNSHINE AT THE SOUTHERN CALIFORNIA AGRIOCUL- 
TURAL EXPERIMENT FARM, NEAR POMONA, CAL. 


By Mr. A. J. Henry. 


The percentages of sunshine for the six months, January to 
June, 1896, at the Southern California Agricultural Experi- 
ment Farm are given in the table below. The data are pub- 
lished as compiled in the Records Division of the Weather 
Bureau, from the original photographic sheets made under 
the direction of Mr. J. W. Mills, foreman of the experiment 
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station, and furnished to the Weather Bureau through the 
courtesy of Prof. E. W. Hilgard, director, Berkeley, Cal. No 
corrections have been applied to the records. Pomona, Cal., 
is in latitude N. 34° 3’. 


‘Percentages of 5 sasible sunshine recorded during the Hours of sun- 
mean time) end shine. 
les 
Month. A.M. P.M. | 2 
33 Es 
= 
1896. | Wore. 
January 20/49) 56 | 66 56 | 70 71 | 96 |....|....) 176.0 316.2 56 
February.|....| 4 52 73 | 86 | 90 | 80 | 87 | 88 | 88 88 | 74/11 |....| 238.6 318.5) 75 
March..... 16 | 53 | 73 | 76 | 77 | 72 | 68 | 70 | G7 G2 22 228.9 60 
April... .. 6 | 51 | 67 | 69 | 80 | 77 | 84 | 81 | 76 | 80 | 84) 85 «273.3 391.6 70 
BY 3 | 46 | 68 | 78 | 82 | 90 | 81 | 85 | 83 | 85 | 79 10 | 207.1 432. 69 
June ...... 7 | 33 | 43 | G2 74 | 81 | 87 | 94 | 96 | 96 | 99 | 96 | | 431.5, 76 
KITE EXPERIMENTS AT THE WEATHER BUREAU. 


By C. F. Marvin, Professor of Meteorology, U.S. Weather Bureau. 
(Continued from the June Revrew.] 


EFFICIENCY. 


Hitherto no exact and scientific methods appear to have 
been employed to determine the relative merits of different 
kites, or to fully measure and analyze their action. Experi- 
menters in general have been contented to make a rough esti- 
mate by eye of the angular elevation attained, or if this has 
been measured the results, with rare exceptions, have been in- 
accurate, and the observations limited to a very small num- 
ber. Often, probably, but a single reading has been made at 
a favorable moment when the kite had momentarily attained 
an extreme elevation. Moreover, the observations have gen- 
erally been made with the object of ascertaining the altitude 
of the kite when a long length of deeply sagging line was out. 
Little or no notice appears to have been given to the effect of 
the long line in modifying the angular elevation of the kite. 
If any accurate measurements of the behavior of kites have 
been systematically made such measurements have, with one 
or two exceptions, been conspicuously absent from any pub- 
lished accounts of. kite experiments known to the writer. It 
is therefore impossible to form any estimate of the relative 
merits of the kites employed by different individuals. Eye 
observations without the aid of instruments suffice to deter- 
mine only general qualities of steadiness, etc. Those factors 
upon which the usefulness of a kite for meteorological pur- 
poses mo namely, the lift and drift, can be determined 
accurately only by aid of instrumental measurements. Eye 
estimates of the angular elevation of kites tend nearly always 
to exaggerate the amount of the angle, and data of this sort 
respecting the behavior of kites can have no place in scientific 
investigations. 

Various methods of expressing numerically the merit of a 
given kite may be employed. The lift and drift may be made 
the measure of excellence of a given kite. But the lift and 
drift of a kite vary with every gust of wind, and it is diffi- 
cult to deduce from these quantities a true numerical rating 
of the merit of a kite under examination. This objection 
to the use of lift and drift as a measure of excellence would 
have less weight if the wind blew with a steady direction and 
constant force, but this is never the case. Moreover the lift 
and drift, aside from depending directly upon the force of the 
wind, depend further upon both the actual surface of the 
kite and upon the angle of incidence. A very perfect kite 
which happened to be bridled in such a fashion that the angle 
of incidence was, for example, 25°, would, in all probability, 
show a smaller lift and a larger drift than a much inferior 
kite bridled so that its incidence was 15°. This differ- 
ence of incidence would, in all probability, wholly escape the 


notice of an ordinary observer unless his attention was specif- 
ically directed to discover it. Even if discerned with the eye 
the real numerical relation could be established only by care- 
fully made instrumental observations. The lift and drift in 
themselves, therefore, do not constitute a suitable basis for a 
true numerical estimate of the useful effect available in a 
kite. They are in fact only conventional and derived ideas. 
We must go back of them to the fundamental forces from 
which they are derived for the basis upon which true compari- 
sons can be made. Efficiency is the technical term widely 
er aw in all branches of engineering to.designate numer- 
ically the useful effect available in machines of any sort. 
Thus, we have the efficiency of a steam engine, of a boiler or 
furnace, the efficiency of electric generators, motors, convert- 
ers, etc., so likewise we may have the efficiency of kites. This 
measure of merit, as adopted at the Weather Bureau for the 
comparison of kites with each other, is based upon funda- 
mental mechanical principles, and is widely applicable to any 
kind of kite. The resulting measure is not directly dependent 
upon the angle of incidence of the kite or upon the direction 
or force of the wind. 

Efficiency of kites-—The basis upon which any rating of 
efficiency is deduced is very largely a matter of choice. In 
dealing with machines and appliances for producing physi- 
cal or mechanical effects, economical considerations have 
much to do with the ultimate or absolute utility of the de- 
vices employed. From the economic standpoint an efficiency 
rating is an exceedingly complex result, depending upon 
many factors of the most heterogenous character — cost of 
space, wages of — cost of transportation, interest on 
investment, etc. hese factors can be related to each other 
only in a highly arbitrary and empirical manner. The effici- 
ency of mechanical devices, as the term is ordinarily used, is 
not generally deduced upon the economical basis but de- 
pends upon purely mechanical and physical considerations 
of cause and effect. Dismissing economics we will likewise 
define the efficiency of kites upon the physical and mechani- 
cal basis. Even here, choice may be made among several 
methods. We may consider that the most efficient kite is one 
which can attain the highest elevation. As we shall see here- 
after, the elevation attained by.a kite is purely a question of 
the forces acting upon the string. It is very plain that to 
make the efficiency of a kite depend in any way upon the 
string is not desirable. Even if we eliminate, as we may, 
effects due wholly to the string, and make the efficiency of 
the kite depend upon its power to attain elevation, we still 
make a bad choice, for we would thereby fail to consider that 
kites may be employed for other purposes than attaining 
elevations. A highly efficient kite from such a standpoint 
would be highly inefficient if it were employed to pull sleds 
or carry a line ashore from a stranded vessel. 

A basis upon which the efficiency of a kite can be deduced, 
that is not open to such objections as raised above, may be 
had by considering only the inclination of the total resultant 
wind pressure to the surface of the kite. A kite, funda- 
mentally, is a surface either plane or curved against which 
it is designed the wind shall press. The ideal kite is that sur- 
face; the actual kite is a material substance having thickness, 
edges, possibly a tail, etc. The string is an entirely separate 
accessory not necessarily included in discussing efficiency. 
In the analysis of the action of the wind upon surfaces a 

rinciple of efficient action was pointed out on page 162,’ as 

ollows: “ The condition of ideal efficiency (that is, an efficiency 
of 100 per cent), in the action of the wind upon thin plane sur- 
faces, obtains when the total resultant pressure is exactly normal 
to the surface.” Recognizing that a kite is a surface against 
which the wind shall press, we say broadly that the pressure 
is most efficiently exerted when for plane surfaces the total 
pressure is cunatly normal to the surface. For arched sur- 
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faces we must deal with inclinations to a tangent, or more 
conveniently to the chord of the arch. We will speak of this 
more in detail further on. 

The reader who has followed the section on the “ Analysis 
of forces” in the May Revrew (page 157) and who has in 
mind the effects of the weight of the kite as set forth on page 
203 of the June Review is prepared to readily understand the 
application of the above-mentioned principles to the deriva- 
tion of the efficiency of a kite. Under ideal conditions, that 
is, conditions in which edge pressures, surface or skin friction, 
waviness and fluttering, eddy effects, etc., are wholly absent, 
it follows as a direct consequence of the principles already 
established that the ideal kite, whose weight is considered in- 
appreciable as compared with the wind pressure, will fly in 
such a manner that the direction of the string next the kite 
will make an angle of 90° with the surface of the kite or with 
the longitudinal axis thereof. In the case of an actual kite 
of appreciable weight and more or less imperfect in other re- 
spects, it will be found upon measurement that the direction of 
the string next the kite will make an angle of less than 90° 
with the longitudinal axis. This angle between the direction 
of the string next the kite and the longitudinal axis of the 
kite is properly made the numerator of the efficiency ratio, 
and for convenience and brevity we will call it hereafter the 
efficiency angle. Itis the angle A O R in Fig. 65. If, upon 
measuring the angle between the direction of the wire and the 
kite, it were found to be 75°, for example, then the efficiency 
of the kite would be given by the ratio of this angle to 90°, 
that is— 


Efficiency = 75 + 90 = 834 per cent. 


This measurement relates specifically to the position the 
kite takes in the air, and does not deal with the pull of the 
kite. We might, therefore, more specifically call the above 
defined efficiency the position efficiency. The pull is a factor 
wholly independent of the position when we consider sim- 
ply the mechanics of a kite, and it is well to keep these factors 
separate in estimating the merits of kites. 

The different positions that kites of different efficiencies as- 
sume when flying from a string which is either so light or so 
short that it does not sag to an appreciable extent is shown in 
Fig. 65. A Brepresents the midrib or longitudinal axis of a 
kite; and the string is supposed to make an angle of 75° there- 
with, corresponding to a position efficiency of 834 per cent. 
The angle of incidence of the horizontal wind with the kite is 
supposed to be 20°. In such a case the angular elevation of 
the kite will be 55°. If, however, the kite were perfect, in 
which case the efficiency angle would be 90°, the position the 
kite would then take is shown at A’ B’,and its angular eleva- 
tion would be 70° instead of 55°, the kite still retaining the 
same angle of incidence of 20°. It might be argued that 
by changing the angle of incidence of the kite A B by the 
a amount without changing its efficiency it would fly as 

igh as A’ B’. This may be true, but the more efficient kite 
would pull harder, and if its angle of incidence were likewise 
changed, the perfect kite would again fly higher than the 
imperfect kite and pull — hard. 

The foregoing treatment of the question of the position 
efficiency of kites applies strictly only to plane surface kites, 
and throughout all preceding discussions where efficiency 
angles have been measured in reference to a midrib or longi- 
tudinal axis of the kite it has heen assumed, as was generally 
the case in the Weather Bureau kites, that the apparent angle 
of incidence was also the true angle of incidence.’ If this is 
not at least approximately so in a given kite, or if, as in a 
trapezoidal kite, the sustaining surfaces are at different angles 
of incidence, then the efficiency angles must be taken in ref- 
erence to the planes themselves. 

Arched surfaces.—When we deal with arched surfaces some 


1 Page 201, Montuty Weatuer Review, June, 1896. 


experimental results show that the wind forces in question 
do not act in the same manner as upon plane surfaces, and 
while the general principles involved in deducing efficiency 
still remain the same, a slight change in computing it nu- 
merically will probably be required, owing to the fact that in 
the ideal case the string might form with the longitudinal 
axis an angle—A O R, Fig. 65—greater than 90°. 

The difficulty in the case of arched surfaces is that we do 
not know, a priori, the maximum possible angle between the 
string next the kite and the surfaces, or the chord of the arc; 
that is, we have no certain value for the denominator of the 
efficiency fraction. Some observations show that the angle 
ought to be greater than 90° in the ideal case, but just how 
much greater is not known. This is a matter which is at 
present of minor importance. In fact, this angle undoubtedly 
varies with every modification of the curvature of the arch, 
and possibly with changes in the angle of incidence. While, 
therefore, we may not be able to arrive at a mathematically 
correct numerical value of the efficiency ratio in the case of 
arched surfaces, we still have in the efficiency angle alone a 
wholly satisfactory basis for numerically rating the merit of 
any kite, whether with flat or with arched surfaces. The 
most efficient kite, other things remaining the same, is the 
one showing the maximum efficiency angle. The experi- 
ments up to July 1 had not been carried sufficiently far to 


show the most satisfactory procedure in the case of arched 


surfaces. The foregoing remarks refer to the position efficiency 
of kites. Let us consider briefly the pulling power of kites. 

Pull—In comparing the pulls of different kites, the com- 
parison must, of course, be made always for the same condi- 
tions; that is, for the same velocity of the wind, the same 
angle of incidence, and the same unit of surface. There is 
very little reason why kites should differ much in the pull 
per square foot of surface if we have been careful to measure 
the sustaining surface upon a systematic basis, such as already 
explained in the Review for June, page 201. The following 
appear to be the principal causes why one kite should pull 
more than another under otherwise similar conditions: Arch- 
ing the surfaces of the kites, as we have already explained, may 
increase the pull very greatly. In kites of the cellular ty 
the sheltering of one surface by another may diminish the 
pull per unit area, more or less. The pervious character of 
ordinary cloth may serve to diminish the pull. The wind 
may not press to good advantage upon the pointed lateral 
and bottom extremities of such kites as the Malay, and the 
pull may be less in consequence. 

Efficiency—how determined.—Having defined the mechanical] 
significance of the efficiency of kites, the next point is how 
shall the necessary measures be made in ordet to compute 
the efficiency in a given case. The only quantity which it is 
necessary to measure is the angle between the wire and the 
kite. It would not be difficult toconstruct a small recording 
instrument which, when connected between the bridle and the 
main wire, would produce a continuous record, from which the 
angle between the main wire and one of the bridle lines could 
be deduced. Since the angles between the bridle and the kite 
may always be known, the record mentioned would suffice 
completely to give the desired efficiency angle. This sort of 
an instrument could be combined with a small dynamometer 
recording the pull of the kite upon the same record sheet with 
the efficiency angle. If still further combined with a record- 
ing anemometer, the resulting apparatus would constitute a 
complete kite indicator, since it would give the principal ele- 
ments required in working out the efficiency of kites and the 
action of the forces thereon. It was riot considered advisable 
to attempt to introduce such an instrument for recording the 
elements mentioned, although the matter received serious 
consideration, and the dynamograph portion of the instrument 
for recording the pull of the line, either at the kite or at the 
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reel, was actually constructed. This instrument is shown in 
Pig. 68 and is described on page 241. 

neidence scale-—In the absence of the instruments required 
for making the above described automatic record of the effi- 
aye d angle, another method was devised for measuring by 
eye observations, not only this angle, but the angle of inci- 
dence of the kite and, simultaneously, its angular elevation. 
This method is best explained in connection with a kite with 
rectangular cells. By aid of a stencil made from a sheet of 
oil-board paper a series of graduation: lines 1 inch apart are 
boldly marked in black upon the white cloth of one of the 
upper sustaining surfaces of the cell, usually the forward cell, 
as shown in Fig. 66. The lines are one-quarter inch broad, 
and each fifth line is about 2 inches longer at each end than 
the intermediate lines, which are about 4 inches long. 

The zero line of the scale is at the front edge of the cell. 
Figures need not be applied to any of the lines, as the group- 
ing in fives renders the reading of the scale sufficiently easy 
and certain. The scale, for convenience, may be called the 
incidence scale, since by its use we ascertain the angle of 
incidence of the kite. 

When a kite of the usual proportions provided with such a 
scale is flying in a normal manner, and is viewed from a posi- 
tion near the reel, a partonly of the incidence scale is visible, 
the remainder being concealed behind the lower surface of 
the cell. Ata distance of a few hundred feet the number of 
divisions of the scale exposed to view can be read with the 
unassisted eye, but in our regular experiments a small reading 
telescope, such as employed by physicists for reading galvan- 
ometer scales, etc., has been used. The telescope for the pur- 
pose was mounted upon an ordinary engineer’s oe asy 
motion in both altitude and azimuth was provided, and in 
the absence of a regular vertical circle an accurately divided 
draughtsman’s protractor was arranged to give the angular ele- 
vation of the axis of the telescope. Assisted by the telescope, 
readings of the incidence acer vet wal been made with as much 
as 2,000 feet of wire out, but in order to eliminate from the 
observations as much as possible the effect of the sag in the 
wire, which had to be taken into account in the manner here- 
after described, observations were nearly always made at dis- 
tances of between 400 and 1,000 feet. 

The protractor was divided to half degrees, and readings of 
less than this amount could be made. Owing, however, to the 
constant and great changes of the position of the kite, refine- 
ment in angular readings, when working at short range, pos- 
sess no significance. For the same reasons the estimates of 
the incidence scale were confined in general to half inches. 
To offset the coarseness of these measures observations were 
repeated at Mtervals of from 30 to 60 seconds, and ten or 
more readings made in each set from the mean of which the 
final deductions were made. 

The act of making au observation consists in bringing the 
kite in view in the telescope, and following its motions until 
at a favorable moment a reading of the scale can be satisfac- 
torily made with the kite near the center of the field. The 
inclination of the telescope at this moment is the angular 
elevation of the kite, which is thus determined simultaneously 
with the scale reading. Fig. 67 shows the relation of the 
angles in question. The angle A at the kite is the observed 
angle of elevation; i is the desired angle of incidence; the 
angle z is given by the equation: 


8 
tan. h 
in which A is obtained from the known height of the cell and 
s is the reading of the incidence scale. 
Finally, i= 90°—(A +z). 
If we were justified in neglecting the sag in the wire, then 
the efficiency angle between the wire and the kite would be— 


Efficiency angle = elevation + incidence. 


Generally, however, we will desire to be more accurate than 
to neglect the sagin the wire. The data for making the neces- 
sary allowance for the sag of the wire is obtained if, at the 
moment the scale reading is made with the telescope, an 
assistant observes the inclination of the wire at the reel. In 
a subsequent section the mathematica] equations of the curve 
assumed by the kite wire will be discussed at length, and it 
will be shown that when the sag in the wire at the reel is 
known the sag next the kite can be found. For the present 
we will call these angles S’ and S, and they are so marked in 
Fig.67. With the kite at a distance of 400 feet or more from 
the reel, lines of sight, such as R Vand R V’, will be sensibly 
parallel, although they are not so in the drawing, owing to 
the exaggerated size of the kite. In practice, observations 
are made only when the sag in the wire is slight, in which 
case the angles S and S’ are nearly equal toeach other. Owing 
to the peculiar character of the curve assumed by the wire, 
the angle S will be smaller than S’ asarule. The efficiency 
angle, including the sag, is 


A+i+S. 


Inclination of wire at reel—As stated above, the sag of the 
wire is obtained from a measurement of the inclination of 
the wire at the reel. This was measured by means of a pro- 
tractor, arranged to hang over the wire with its diameter par- 
allel thereto, and provided with a light hand or index pivoted 
at the center of the arc and always assuming a vertical direc- 
tion, thus serving to indicate on the graduated arc the angle 
of inclination of the wire. This angle subtracted from the 
angular elevation of the kite, measured from a point care- 
fully chosen just at one side of the reel, gives the angle 8S’. In 
strong winds the position of the index of the protractor was 
sometimes affected, and it was necessary to weight the index 
with a small plumb-bob. Finally, the whole protractor was 
inclosed in a glass case. 

Probable errors—By means of the telescope and incidence 
scale simultaneous observations of the angular elevation and 
incidence of the kite are made in a highly satisfactory man- 
ner. Owing to the great variations of the wind the incidence 
is found to vary considerably, as also the position of the kite. 
Observations must be made quickly and at favorable mo- 
ments. The measurement of the incidence angle is less 
accurate in proportion as the scale reading is small. An 
error amounting to a whole inch in a single reading of the 
scale can not be made except by gross mistake, and the error 
of the mean of several readings is probably less than 0.5 of 
an inch. The corresponding error in the angle, under condi- 
tions found in practice may, in extreme cases, be as much 
as 2°. Repeated observations of the same kite on different 
days have been so consistent with each other that it is be- 
lieved the errors are actually less than those just described. 
If a satisfactory measure is not obtained in the manner de- 
scribed it is necessary simply to move the telescope back from 
the reel a short distance, so as to obtain such an angle of 
view as 7' T’, Fig. 67, resulting in more accurate measures. 
If efficiency tests are to be made at the same time, then an 
additional measurement of the angular elevation of the kite 
from oe Nes near to and at one side of the reel will also be 
required. 

General remarks on efficiency—The manner we have chosen 
for deducing the efficiency of a kite is such that the weight 
of the kite is a modifying factor, causing the efficiency to be 
less than would be the case if the efficiency were made to de- 
= only upon such imperfections as edge pressures, skin 

riction, waviness, eddies, etc. To include the effect of the 
weight with that of the imperfections just mentioned is, we 
believe, a very proper course, inasmuch as the kite must first 
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sustain its own weight before it is available for rendering use- 
ful services. Moreover, if for analytical purposes it is de- 
sired to study separately the imperfections mentioned above, 
the precise knowledge we may always have of the weight of 
a kite enables us, by the aid of simple mechanical principles 
and the resolution of forces, to perfectly separate the effects 
due to weight and other disturbing influences, so that each 
may then be studied separately. 

Weight and efficiency—On page 203 of the June Review the 
modifications produced in the direction of the string next the 
kite, due to the weight of the kite and different wind veloc- 
ities, were fully pointed out. We now notice also that every 
change in the angle of the string means a corresponding 
change in the efficiency angle, which is the angle A O H, 
AOH', A OH", etc., Fig. 63." From a consideration of these 
points we see that ops: to effects arising from its own 
weight the efficiency of a kite in light winds is less than in 
heavy winds. In Fig. 63 it was assumed that the direction 
of the resultant pressures 0 Q, O Q’, O Q”, etc., corresponding 
to increasing wind forces, remained always at the same angle 
with the kite surface. This will be the case when the influ- 
ences due to edge pressures, waviness, eddies, etc., follow ex- 
actly the same law of increase as obtains for the normal 
wind pressure. This seems likely to be the case with edge 
pressures, perhaps, but it is probable that the detrimental 
effects of eddies and fluttering are proportionally greater 
at high than at low velocities. It may, therefore, happen 
that a kite seriously defective in respect to these last-men- 
tioned imperfections would, with moderate wind forces, show 
increasing efficiency up to a certain point, but that in still 
stronger winds the efficiency would actually become less. In 
other words, the strong wind would seem to blow the kite down. 
Such an instance has not come within my own observation, 
but its probability is easily seen from a physical standpoint. 

Incidence and efficiency.—The pressure of the wind upon the 
kite may be feeble, not alone because of light wind velocities, 
but also by reason of the kite flying at small angles of inci- 
dence. If the incidence is made too small the pressure of the 
wind even at considerable velocities will be only a relatively 
small multiple of the weight, and this condition, as we have 
found, results in only small angular elevations. There is, in 
fact, a particular incidence giving a maximum effect. This 
is treated of further on, in the section on the catenary. 

Ascending air currents.—Thus far it is assumed, in computing 
the incidence and efficiency of kites, that the wind flows in hori- 
zontal streams. This is generally, but not always, the case. 
It is well known that masses of air generally have a descend- 
ing or ascending as well as a horizontal motion. Under these 
circumstances the actual direction of motion of the air may 
be in lines that are upwardly inclined to an appreciable ex- 
tent. Kites are very sensitive to such conditions and the 
action of such ascending currents causes the kite to soar up to 
an unusually high angular elevation. The keen observer will 
not be misled into believing, as some have, that the phe- 
nomenal behavior of a kite under such influences is due to 
some peculiar excellence of the kite itself. These effects of 
ascending currents were well known and understood by the 
scientific kite flyers of half acentury ago. A brief quotation 
in regard thereto is cited in the April Review, page 114, 
mentioning the experiences of the Franklin Kite Club. 

If a kite flying normally in a horizontal wind assumes an 
angle of incidence of, say 15°, then in an ascending .current 
flowing in a direction inclined upwardly at an angle of 10° 
the same kite would seem to assume an angle of incidence of 
only 5° and would soar to a point near the zenith, although 
still flying at an angle of incidence of 15°. 

When the bridle adjustment of a kite remains fixed, the 
angle of incidence of the kite will also remain constant with 
a given wind force. Even with different wind forces, unless 


1 Fig. 63 will be found in the Wearusr Review for June. 


they are very feeble, the incidence will change, but very little. 
Furthermore, the efficiency angle of a given kite is a definite 
angle, which must remain nearly constant in the same kite 
so long as it is not modified in any way or the wind force is 
not too feeble. Since, as we have just seen, the incidence and 
efficiency angles of a kite must be constant with given condi- 
tions, it necessarily results that the angular elevation will 
also be constant. hen, therefore, we have fully established 
the constants of a given kite by careful measurements under 
normal conditions of longitudinal air motion, the behavior 
of the kite under abnormal conditions of ascending currents 
is, perhaps, one of the best measures we have of the amount 
of the abnormality. By means of a kite with its constants 
carefully determined, it thus seems possible to measure, with 
a fair approximation, the upward inclination of movements 
of masses of air otherwise quite inaccessible. 

Causes of small efficiency—We have found that when the 
wind pressure is several times the weight of the kite the 
influence of the weight on the efficiency angle is very 
small and unimportant. Results obtained with good kites 
under favorable conditions show that efficiencies of 90 per 
cent and over may be attained. When, therefore, we find, 
under favorable conditions of wind, smaller efficiencies than 
this, we know at once that the kite is either excessively heavy 
or defective in respect to edge pressures, waviness, eddies, 
etc., or the angle of incidence is too small, which latter is 
easily corrected by changing the bridle adjustment. An 
incidence of 15° is probably as small as can be employed 
with advantage, at least with flat surface kites. In the case 
of cellular kites, if the top and bottom surfaces are too near 
each other, or if the front and rear cells are too close together, 
the flow of the air through the structure of the kite may be, 
as it were, choked up to a greater or less extent. All such 
effects will have a direct influence on the efficiency. 

From these brief remarks it is evident that in dealing with 
efficiency we have a powerful and searching artifice for numer- 
ically and justly expressing the merit of a given kite. It is 
hoped experimenters will familiarize themselves with the 
principles involved and apply them in general to kites of 
their own, so that some idea can be had of the real duty that 
a given kite has performed. 


GENERAL OBSERVATIONS OF KITES. 


While the measurements of the angles referred to in the 
preceding section are sufficient to establish the angle of inci- 
dence at which a given kite is flying, and to determine its 
position efficiency, still other observations are needed to 
ascertain all the facts we wish to know concerning the be- 
havior of the kite. Among these the following are discussed : 

Measurement of the tension of the wire-—Prior to July all 
measurements of tension of the wire at the reel consisted of 
eye readings of a spring scale attached to the reel in the man- 
ner described in the April Review, page 122. The scale of 
the dynamometer employed pone 50 pounds, and when 
the tension on the wire was greater than this limit a pur- 
chase (in the mechanical sense) was obtained by use of a 
movable pulley, the dynamometer being attached to one end 
of the cord —e over the pulley. This tackle, as is well 
known, multiplies effects by two; hence, the dynamometer 
which indicates normally only 50 pounds answers for a maxi- 
mum strain of 100 pounds. 

Dynamograph.—Fig. 58 represents a small dynamograph 
devised to give an automatic record of the tension of the wire. 
The clock is one of the very small, inexpensive house clocks 
on sale by any jeweler. But very little alteration is required 
to mount the clock on its hour-hand axis, which, being suit- 
ably prolonged, is clamped firmly in the bearings A A, with 
the result that the whole cylinder containing the clock re- 
volves at the rate of one revolution per hour. In order to 
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reduce to a minimum the motion of the moving parts con- 
cerned in measuring the tension, the spring employed is ex- 
ceedingly stiff, being one of the excellent springs commonly 
used in steam engine indicators. A strain of 100 pounds 
compresses the spring about one-sixth of an inch. This mo- 
tion is magnified and recorded with precision by the pen in 
a manner readily understood from the figure. The dynamo- 
graph in its original form was designed for use with small 
ites with pulls of not to exceed 35 pounds, whereas experi- 
ments were actually made requiring a greater range of scale. 
The necessary modifications in the dynamograph to adapt it 
to larger scales were not, however, made until after July 1. 

Measurements of wind velocity —No direct measurement of 
the wind velocity was made during the kite experiments ex- 
cept the continuous records made at the Weather Bureau. 
These records answered every purpose so far as the general 
experiments were concerned, but a much more specific and 
local measurement is greatly needed in order to formulate the 
laws connecting the pe pe per unit area with the angles of 
incidence, velocity of wind, perviousness of cloth, character of 
kite, ete. A small anemometer weighing only 0.8 of a pound 
has been constructed which records, not by the usual step by 
step methods, but continuously every movement of the cups. 
Fractions of a mile at their true momentary velocities are 
fully recorded by it and momentary velocities for very brief 
periods have been deduced with the same accuracy as is at- 
tained in ordinary velocity measurements. This instrument 
was, however, not available for use until after July and its 
further description is reserved to accompany the publication 
of results we hope to attain by its use. 

Measurements of angular elevation —The manner of measur- 
ing the angular elevations of kites by aid of the telescope, as 
described in the section on efficiency, is not the most conven- 
ient when nothing but the angular elevation is needed nor 
is its accuracy all that can be desired in the case of lofty 
ascensions. Two*other methods have therefore been em- 
ployed. 

Nephoscope.—It was often desired to ascertain the average 
position of a kite without observing necessarily its efficiency. 
Owing to the constant changes going on in the angular eleva- 
tion of the kite the average must be based on numerous meas- 
urements made momentarily and at perfectly equal intervals 
of time. The best results are secured if the instrument em- 
ployed admits of being read or at least set at a precise instant 
of time. This is the case with the nephoscope employed by 
the Weather Bureau for observing the positions and motions 
of clouds. It is shown in the illustration below and was de- 
scribed at length in the Weatner Review for January, p. 9. 

Its manipulation is so simple that scarcely more than one 
second is required for ae the angular elevation of a 
kite. The nephoscope is mounted upon a firm table or sup- 
port near the reel and the mirror M carefully leveled by the aid 
of an ordinary level which accompanies the instrument. To 
observe the kite the eye is placed so that the former is seen 
reflected from the central spot of the mirror, and the sight- 
ing knobs on the staff S set so that the knob is also seen 
reflected at the center of the mirror. This setting can be 
made in a very short time. The angle of the inclined thread 
may then be measured with the protractor, and we have the 
angular elevation of the kite. Such settings of the nepho- 
scope were generally made at exact intervals of thirty seconds 
for a period of five to ten minutes. The average of ten or 
twenty readings of this sort may be considered to give a close 
measure of the average position the kite under examination 
will take under ordinary conditions of atmospheric motion. 
Experimenters should not be satisfied with a less exact and 
truthful record of the average performance of a given kite 
than one obtained in some such way as that described. 

Sextant.—The nephoscope answers admirably for the meas- 


urement of angular elevation under most circumstances. In 
the case of lofty ascensions, however, the kite appears very 
tiny and is sometimes difficult to see. In order to measure 
the angular elevation accurately under such circumstances a 
sextant fitted with a low-power glass has been employed. A 
smal] plate-glass mirror about 12 inches square, mounted on 
three leveling screws, was used in place of the ordinary arti- 
ficial horizon of mercury. The accuracy of this method of 
measuring the angular elevation is really more than demanded. 
It was not necessary to read the vernier of the graduated scale 
at all, as sufficient accuracy was attained by eye estimation of 
the minutes of the scale. By the optical principles involved 
in the use of the sextant with an artificial horizon the actual 
scale-reading gives double the angular elevation. At great 
heights the apparent position of a kite varies but little, never- 
theless our practice has been to read angles at comparativel 

short intervals, so that a fair average position may be attained. 


Marvin’s Improved Nephoscope. 


Calculation of height—When the sag in the wire is disre- 
garded the altitude of the kite is given by the equation: 


H=r sin. A. 


When r is the length of wire out and A is the angular ele- 
vation of thekite. This assumes that the length of a straight 
line from the reel to the kite is the same as the length of the 
wire itself, which of course can not betrue. If, however, the 
sag in the wire is not over 20° at the reel, then roughly the 
straight line will be only about 2 per cent shorter than the 
wire. For a sag of 30° the difference will be about 4 per cent. 
The height, computed by the equation given above, should 
then be diminished by the proper percentage allowance for sag. 
Results obtained in this way will be quite as accurate as by 
more complicated methods of deducing the height by trian- 
gulation or by records of air pressure obtained from baro- 
graphs attached to the kites. Other accurate methods of 
—- the height will be given in a subsequent section 
- : e properties of the catenary, including the case of invisi- 

e kites. 


RESOLUTION OF FORCES. 


When the efficiency angle and pull are known for a given 
kite, also the bridle adjustment, we have the data for con- 
structing a complete diagram of the actual forces acting on 
the kite. By way of illustrating more in detail how the ana- 
lytical observations on kites have been conducted in the 
Weather Bureau investigations, and to show how the diagram 
of forces is constructed and the resolution of forces carried 
out in an actual case, the following observations from our 
field notebook are given: 


| 
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Tests of kite No. 30, May 19, 1896 (see Table VI, Review for June, p. 201). 
[Bridle adjusted as shown in Fig. 69; observations made with 700 feet of wire out.] 


Time Pull Incidence | Inclination | Elevation © 

p-m. scale. of wire. of kite. 
h. m. 8. | Pounds. ° ° 

2 4 15* 20 60.5 
2 8 @ 20 3.5 56.0 57.5 
2 9 @ 25 3.5 57.0 60.0 
20 4 4 6.0 50.0 61.0 
2 11 80 20 3.2 54.0 57.0 
2 2B 20 3.0 55.0 58.0 
2 138 4.5 56.0 57.5 
2 14 ® 24 4.0 57.0 60.5 
216 W 16 3.8 56.3 59.0 
2 18 @ 15 4.0 56.0 59.5 
2 20 0 14 4.0 55.0 56.5 
22 10 6.0 51.0 55.0 
5.0 4.0 55.0 
Means 17.8 4.21 54.8 58.0 


* This first observation, being incomplete, is omitted in taking the sums and means. 


Results—The height of the cell of this kite is 20 inches; 
therefore, the scale reading, 4.21, corresponds’ to an angle x 
given by the equation 


= = 0.2105. whence x = 11.9°. 


Hence, the incidence = 90° — (58.0° + 11.9°) = 20.19. 
Sag of wire at reel = 58.0° — 54.8° = 3.2° = 8’. 


When the sag of the wire is small, as in this case, a close 
approximation to the sag at the kite, that is, the angle S 
is given by taking S = 81% of S’, therefore S = 2.6°. 

Hence, the efficiency angle = 58.0° + 20.1° + 2.6° = 80.7°. 


tan. z= 


Whence the efficiency = set = 90%. 


This kite was observed later on the same day both by the 
telescope and nephoscope with 2,000 feet of wire out. The 
readings are given below. 


Time. Pull Inciden Inclination | Elevation 
p.m. . scale. of wire. of kite. 
h. m. | Pounds. ° 
3 44 10* 12 7 35 50.5 
23 6 45 52.0 
2B 5 46 55.5 
18 5 46 58.0 
26 4 50 54.0 
30 4 50 54.0 
s 5 48 55.5 
24 5 45 52.5 
18 4 4 52.5 
3 49 OO 18 5 47 58.0 
Means.... 20.0 5.0 45.6 53.75 


* Time of only first and last observations noted. 


From these observations z = 14.0°; incidence = 22.2°; S’= 
sag at reel = 8.2°; S=6.6°; efficiency angle = 82.6°; effi- 
ciency = 92%. 

From observations with the nephoscope the following 
results were obtained—2,000 feet of wire out: 


° Time. Pull Inclination | Elevation 
P.M. of wire. of kite. 
h. m 8. | Pounds. ° ° 
3 54 OOF 16 42.0 52.0 
14 42.5 51.5 
10 46.0 53.5 
8 42.0 55.0 
16 41.0 51.5 
16 44.0 51.5 
8 40.0 52.5 
16 41.0 49.5 
10 47.0 55.0 
8 39.0 54.0 
12.2 42.45 52.60 


If we assume, as we are justified in doing, that the average 
incidence of the kite was the same as actually observed in 
the observations made a few moments before we shall have, 
incidence assumed to be 22.2°, sag in wire at reel, S’ = 10.2°; 
S = approximately 8.1°; efficiency angle = 82.9°; whence the 
efficiency = 92%. 

We have given above three separate sets of observations. 
The amount of variation in the efficiency angle that may be 
looked for under such conditions is shown in the three values, 
80.7°, 82.6°, and 82.9°. 

The pull on the wire was measured at the reel where it is 
less than the tension at the kite. The difference between the 
two will depend upori the relative inclination of the wire at 
kite and reel. The mathematical relation between the ten- 
sions at different points on the kite wire does not concern us 
at the present moment and is reserved for treatment in a sub- 
sequent section. 

Diagram of forces —Fig. 70 shows the actual diagram of 
forces corresponding to the results obtained from the first set 
of observations. The center of gravity of the kite is at the 
center of figure as at g. Passing a line through F' so as to 
intersect the axis of the kite at the efficiency angle, viz, 80.7°, 
we have the line L F O R which is the action line of the 
resultant of all the forces at the kite. To resolve this total 
resultant force into its components we draw a vertical line, 
g O, through the center of gravity of the kite and lay off 
thereon from O downward the line O G, representing on a 
convenient scale the weight of the kite=3.59 pounds. From 
properties of the catenary it can be shown that when the ten- 
sion of the wire at the reel is 17.8 pounds as observed in the 
present case the tension at the kite under the observed con- 
ditions will be 21.1 pounds. This force is represented by the 
line O R drawn to the same scale as O G. Completing the 
parallelogram of which O Rand O G are the diagonal and 
one side, respectively, we have the line O Q which represents 
the total resultant of all the wind pressures upon the kite. 
By measurement we find this resultant to be 24.2 pounds 
and by prolonging its action line downward we find that it 
intersects the kite at an angle of 85.1°. 

We wish now, from this diagram, to arrive at some idea as 
to the relative intensity of the wind pressure upon the front 
and rear cells of the kite. The front cell is freely exposed to 
the wind, while the rear cell is in some degree sheltered, and 
we may reasonably expect to find the pressures on the latter 
deficient. When we wish to represent by a single force the 
combined effect of the wind pressures upon both the upper . 
and lower surfaces of a cell, the principles of mechanics lead 
us to locate the point of action of that single force midway 
between the surfaces, provided the upper and lower pressures 
are equal. If they are unequal, then the point of action must 
be proportionately nearer the greater force. 

Now, in such a kite as that under consideration the upper 
and lower surfaces are separated by a distance a little greater 
than their width. In such a case it is believed the upper 
surface at ordinary wind velocities can not be sheltered to 
any large extent by the lower surface, and that the pressures 
on the two surfaces are sensibly equal, at least in so far as 
concerns the interference of one surface with the other. 
Nevertheless, in the case of the rear cell it is quite probable 
that the exposure of at least the upper surface is- far from 
unobstructed, and the pressure of the wind upon the lower 
surface also may be slightly deficient by reason of the prox- 
imity of the front cell. Therefore, it is probable that the 
points of action of single forces representing the combined 
pressures upon the upper and lower surfaces of the cell can 
not with accuracy be placed midway between the surfaces; 
but our present purposes do not require that these points be 
located with great accuracy. It can be shown that little or 
no sensible error will be produced in the results we seek if we 
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assume, as we shall, that the points of action of the single 
forces in question fall midway between the upper and lower 
surfaces of each cell, as, for example, upon the line C C in 
Fig. 70. 
turning now to the resolution of the forces, we found 
from the diagram that the line O Q represented the total wind 
pressure upon the kite. This force is made up of the pres- 
sures upon the individual cells, and we have just found that 
the points of action of the pressures upon the individual cells 
may be assumed to fall upon the line C C. In accordance 
with the principles of mechanics, the point of action of the 
total resultant pressures will also fall upon the same line, 
CC. The point, in fact, will be at the intersection of the 
lines O Q prolonged, and C C; that is, at O’, and the total 
resultant is completely represented by the line O’ Q’. This 
force, as just stated, is the resultant of two forces, one being 
the wind pressure upon the forward cell, the other the corre- 
sponding pressure upon the near cell. Since the sustaining 
surfaces in the cells are equal, the wind pressures ought also 
to be equal, under the assumption that one cell does not shel- 
ter the other. Our diagram of forces enables us to discover 
the difference in the pressures on the two cells. To prevent 
confusion of lines, we will use in this study the diagram in 
Fig. 71, which represents the line C C of Fig. 70, and the-force 
O’ Q. Before we can divide the force O’ Q’ into the two parts 
representing the wind pressures upon the front and rear cells, 
a we must locate the centers of pressure in those 
cells. We can not do this very accurately, but the points of 
action of the forces are undoubtedly forward of the middle of 
the cell in each case. Several formule based on experimen- 
tal work have been given for computing the position of the 
center of pressure on a rectangular plane surface, and if we 
employ one of these we can not go very far astray. Chanute 
in “ Progress in Flying Machines,” gives the formula d= 
i (0.2 + 0.3 sin. i). Applied to the present case, / is the width 
of the cloth bands in the kite under consideration, and 7 is 
the angle of incidence; d is the distance from the front edge 
of the surface to the center of pressure. Computing the re- 
sult, we find d = 5.8 inches. By this method we locate the 
center of pressure in each cell at P and P’. Through the 
points thus found we draw the lines P N and P’ N’ parallel 
to O’ Q and proportional to the lines 0’ P’ and O’ P respect- 
ively. According to the well known principle of the lever, 
two forces represented by the lines P ¥ and P N’ will be ex- 
actly equivalent to the single force O’ Q’, and vice versa. 
That is to say, if O’ Q’ is known, then the forces P N and 
P’ N’ are those sought, and represent the forces on the two 
cells respectively. P N is a pressure of 18.5 pounds, while 
PN’ is onl 5.67 pounds, which shows to how great an extent 
the rear cell is sheltered by the forward cell. If we assume 
that the action of the wind upon the forward cell is unim- 
peded and acts sensibly with the maximum effect, then the 
rear cell experiences only 31 per cent as much ee as the 
front cell. In other words, the efficiency of the rear cell is 
only 31 per cent. These results depend in a manner upon an 
assumed position of the center of pressure within the cells. 
But any other logical assumption that one may desire to 
make concerning the — of the center of pressure will 
lead to results that do not differ greatly from those found 
above, and a noticeable disparity between the pressures upon 
the front and rear cell will still exist. If the center of pres- 
sure is placed nearer the center of each cell than we have as- 
sumed, then the disparity will be greater. If it is placed at 
the extreme front edge of the cell, which would be absurd, 
there would still be some disparity. P 
We see from éhe foregoing example, in which the resolu- 
tion of the forces acting upon a kite have been worked out 
in detail, that the diagram of forces is a most powerful means 
of analysis. It has been the aim in the Weather Bureau in- 


vestigations to exhaustively analyze the action of kites in the 
manner outlined ahove and thereby arrive at the best possi- 
ble forms and proportions. With the limited time and means 
available for constructing kites and for preparing the appar- 
atus and accessories required in making the observation, only 
partial solutions have thus far been reached, although the 
most gratifying improvements upon the original forms have 
even thus been effected. The line of study and experiment 
described above is better calculated to lead to improvements 
in kite flying than the simple flying of kites to just as great 
elevations as they can attain carrying meteorological instru- 
ments with them at the same time, so as to obtain atmos- 
pheric records. It is impossible by this latter method to 
analyze the action of the kite or to discover any except the 
most tangible and conspicuous imperfections. All the finer 
details leading to the development of the best forms and pro- 
portions of kites must always remain beyond the grasp of 
such experiments. Table LX contains the results of the effi- 
ciency tests made upon kites up to July 1, 1896. 


Tasie IX.—Results of efficiency tests. 


~ i¢ 
D 
@ | 0” 6 t D t 
1896 Feet.| o ° ° ° | 
March 26...| 22 | Three planes.| 10 | 1,000 | 52.6 | 48.1 | 56.2) 21.0 77.2/ 86)..... 
April 3 10 | 1,000 | 41.2 | 31.9 | 48.8 | 25.6 | 74.4) 88 ..... 
May 11..... 4 400 | 56.1 | 53.8 | 58.4 | 23.8 82.2) 91 | 
May 11.....- 10 400 | 57.6 | 54.0 | | 23.8 | 84.3) 
May 15 ..... 5 | 1,000 | 59.0 | 55.6 | 61.6 | 15.8 | 77.4 86 12 
May 15 ..... 10 | 1,000 | 61.0 | 57.1 | 64.2 | 16.0 80.2) 89) 15 
April 22 23 Two planes 6 400 | 55.3 | 51.1 | 58.7 | 23.9 | 82.8) 92)..... 
10 400 | 59.1 | 54.9 | 62.5 | 21.4 | 83.9) 98 )..... 
April 21..... 238 12 290 | 56.0 | 53.7 | 58.3 | 16.3 | 74.6) 88 )..... 
April 21 dO 10 | 1,000 | 49.6 | 44.8 | 53.5 | 17.6 | 71.1 | 79 )..... 
April 22..... WB 5 400 | 57.7 | 556.0 | 60.4) 17.8 | 78.2) 87 |..... 
30....- 9 | 1,000 | 53.4 | 48.9 | 57.1 | 72.0) 80 )..... 
ay 11.....- BD cece 10 400 | 56.4 | 54.5 | 58.3 | 15.6 | 73.9) 82) a7 
June Il....- 10 571 | 48.2 | 45.3 | 50.5 | 19.0 | 69.5 77 | 28.2 
June 11..... |....do..... 10 571 | 50.5 | 47.2 | 53.2 | 15.1 | 76 | 22.9 
May 11 19 | Rect. struts 400 | 46.6 | 41.9 | 50.5 17.9 | 68.4) 76) 8.6 
y 10 | 400 | 53.9 | 48.5 | 58.3 17.9/ 76.2) 85) 8.4 
April 28. 29 | Tra 1,000 | 45.0 | 86.7 | 51.7 | 18.38 | 70.0) 78)..... 
June 1l..... BD 10 571 | 53.5 | 50.0 | 56.3 | 15.5 71.8) 80 31.1 
June 1l..... 33 | Rect. struts 7 571 | 48.8 | 44.0 | 52.7 | 22.8 | 75.5) 84) 10.7 
June 11..... 35 B 46.7 | 40.0 | 53.4 | 14.7 | 68.1) 7) 3 
36 | Rectangle 12 700 | 58.0 | 54.8 | 60.6 | 20.1 80.7) 90 | 17.8 
May 19. 2,000 | 58.8 | 45.6 | 60.0 | 22.2 82.2) 91) 2.0 
BB cere 10 | 2,000 | 52.6 | 42,4 | 0.2 | 22.2 8.4) 12.2 


* The kites in this table have the same numbers, respectively, as the correspond- 
ing kites in Table VI. 7 


Bridle adjustment.—The adjustment of the bridle of the 
kite is not a matter of so much mystery and importance as 
is often supposed to be the case. It will be found, if proper 
experiments are made, that very much the same results can 
be obtained by the greatest variety of bridle arrangements, 
or even by discarding the bridle altogether. In the case of 
the kite shown in Fig. 70, exactly the same results would 
have been obtained if the bridle had been discarded and the 
wire attached directly to the kite frame at the point S. This, 
at least would be the case if there were no fluctuations in the 
wind, and its force and character had corresponded to the 
average of the observed variable wind. Likewise any one of 
many other forms of bridles, such as suggested by the several 
dotted lines in the diagram, might have been employed. The 
only condition which each of these arrangements must satisfiy 
is that the point of attachment of the wire must fall upon 
the line 

Steadiness in position.—We have said there would be no dif- 
ferences arising from the use of any of the several arrange- 
ments of bridles suggested, provided there were no fluctua- 
tions in the wind. We may go still further and say that 
although the extreme positions of the kite corresponding to 
variations of the wind might differ considerably, depending 
upon the bridle, yet it is quite probable that the averages 
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would still be much the same. The complete analysis of this 
element of the kite problem is comparatively complex and a 
few important points only will be brought out here. 

In the first place we have to deal with a highly complex 
set of variations of the wind. It will answer in the present 
discussion to consider oly variations affecting considerable 
masses of air, such that the whole kite is subjected to uni- 
formly changed conditions that persist long enough, at least, 
to permit the kite to assume a new position of equilibium. 
These variations may be divided into two groups: (a) varia- 
tions of direction, (6) variations of force. In treating of the 
variations under (a) we must consider not only the incessant 
changes in horizontal direction, but must also recognize and 
deal with similar changes that are likewise going on in an up 
and down sense. The motions of considerable masses of air 
may be either upwardly or downwardly inclined as well as 
horizontal. 

The variations of force are of great complexity, but their 
general character is pretty well known to every observer and 
need not be detailed here. 

Changes of horizontal direction.—The changes in horizontal 
direction of the wind cause the kite to shift from side to side. 
So long as we tie the bridle only to the midrib of the kite, as 
is nearly always done, at least with the malay and cellular 
kites, all sidewise tiltings of the kite must take place about 
that stick as the axis. It does not matter, therefore, so far as 
these tiltings are concerned, how the arrangement of the 
bridle may be changed in other respects. In their direct 
effect on the sidewise movements of the kite all bridles are 
the same so long as they are fastened to the same stick or 
midrib. 

Variations of force and direction.—Variations of either force 
or direction of motion, if inclined upward or downward, tend 
to cause the kite to rise or fall. If the variation is only of 
the inclination of the direction of motion of the wind, then 
the new position of equilibrium for the kite flying on a short 
and straight string will differ from the old by an angular 
amount (if measured from the reel) sensibly equal to the 
change in the inclination of the wind’s motion. These an- 
gular changes would be exactly equal if it were not for a 
secondary effect, due to the weight of the kite, that need not 
be now considered. For such variations of direction as just 
considered the arrangement of the bridle in a particular case 
can not have any direct influence on the behavior of the kite. 

If the variation is one of wind force, then the bridle adjust- 
ment may have much to do with the amount by which the 
kite will change its position. When the force of the wind is 
considerable, variations of the force will cause but slight 
changes in position of the kite, however bridled. When the 
force is only moderate, variations thereof produce larger 
changes in the position of the kite, and in cl cases the fol- 
lowing statements set forth rather crudely certain results 
depending upon the bridle. When the bridle is short, that is, 
when the point of attachment of the main line is relatively 
close to the surface of the kite, the angular changes in the 
position of the kite depending upon variations of wind force 
will tend to be greater than when the bridle is longer. Dis- 
carding the bridle, which can be done in cellular kites, gives a 
minimum distance between the point of attachment and the 
front surfaces, and is apt to result in large changes in angular 
elevation of the kite when the force of the wind falls off 
ety. With short bridles, the angle of incidence of the 

ite tends to be more nearly constant with different wind 
velocities. Being nearly constant, the variations of pressure 
upon the kite will be nearly as great as those of the wind; 
whereas, the longer bridle permits the angle of incidence to 
increase when the velocity of the wind diminishes, in con- 
sequence of which the variations in the pressure upon the 
kite are less than the variations in wind force. 


Rev——3 


A very long bridle may produce conditions under which it 
is impossible for the kite to be in equilibrium. 

The writer is accumulating numerical data by which the 
most useful proportions and disposition of the bridle in a 
given case can be fully established. As yet these studies 
have not been sufficiently advanced to justify more detailed 
statements than given above. 

With agiven form of bridle ( preferably one in which neither 
of the angles next to the kite is a right angle), the angle of 
incidence of the kite will be made smaller if the point of at- 
tachment of the main line be shifted toward the forward end 
of the kite, and vice versa. 

Lofty ascensions—The favorable conditions of wind have 
been generally employed for the purpose of conducting those 
analytical studies of kite behavior which we believe to be the 
most helpful in developing the kite; yet efforts have been 
made, from time to time, to reach great elevations, either with 
a single kite ora tandem of twoor more. Opportunities with 
favorable winds are, however, infrequent in Washington. De- 
tailed observations of a few of the more successful! high ascen- 
sions will give an idea as to what kites of the kind employed 


may be expected todo. These results are grouped in Table X. 
TaBLeE X.— Details of special ascensions. 
ee 
ox 
ts | $31 | 
Date. | Time. 2 Remarks. 
= 
S| & & 
a ia 
sine’ 
Single diamond kite No.5; 29square feet 
sineraikincaell 35 30 | 17 83,490 | 2,027 surface; wind favorable at first, but 
evesivevte 28 47 |.......| 4,834 | 2,328 gradually died out; pull from 20 to % 
eovccsees 28 45 |.......| 4,804 | 2,354 pounds. 
TTT 34 15 |.......| 8,767 | 2,120 
eacesvaee 38 38 |.......| 2.273 | 1,419 

Feb. 10 |......++- 3,844 | 2,156 | Tandem of No. 9, 16.8 square feet; 200 
ccadeSdee 37 20 |.......| 8,844 | 2,331 feet below, No. 12, 12 square feet; 200 
obehe ceil 89 45 |.......| 4,696 | 3,008 feet still lower, No. 5, 29 square feet; 
avecsdene 34 10 |.......| 5,782 | 8,247 fair wind; total surface, 57.8 square 
God 29 55 |.......| 7,262 | 8, 622 feet. 

Mar. 26 |......... 52 36 |....... 1,000 | 794 The first reading is the mean of ten 
snenedines 36 15 |....... 8, 975 2,350 made for measuring the incidence of 
edentcece 84 00 |....... * 2, 223 kite, = 21.0. These are the first inci- 
2, 635 dence measurements made in the 
43 10 |....... 2,719 Weather Bureau experiments. Sin- 
peecceses 42 35 |....... 2, 690 gle kite; three-plane rectangular 
pewneilion 38 30 |....... 6, 010 8,317 cells, No. 22, 38.4 square feet; wind 
eecceccce 80 40 |....... ze 8, 065 very favorable; pull from 8 to 16 
evecssese 80 15 |....... 2 8, 028 unds with 3,975 feet out, and from 
40 8,065 to 26 pounds with 6,010 feet out, 
31 85 |....... 3, 148 showing considerable increase of ve- 
34 2B j....... 8,400 locity with elevation; inclination of 
soudeandi ieee ge. 8,540 wire at reel not recorded, but ex- 

P.M. 
Apr.30 | 1 29 30 | 58 48 54 1,000; 8038 
1 36 15 | 45 42 )....... 1,000 715 
2 15 00 | 61....)...... *.| 2,000 | 1,749 
16 30 | 57 30 | B@....)  ** 1,687 | The first and second observations are 
17 00 | 58 30 | 52 30 |+ “* 1, 705 the means of ten readings made upon 
17 30 | 56....| 1,658 trapezoidal kite No. 28; 43.1 square 
18 00 | 55..../ 6O....) 1, 638 feet of surface; the incidence was 
18 30 | 5... | 50....;  “* 1, 638 14.9; 700 feet from the first a second 
19 00 | 54 30 | 49....;  * 1,628 trapezoid, No. 29, 36.7 square feet, was 
19 30 | 56..../ 48...., “ | 1,658] attached on 150 feet of line; total sur- 
2 42 30 | 43 48 | 30....| 4,000 | 2,769 face, 79.8 square feet. The wind was 
44 10 | 4650 / 31....) 2,918 not very favorable during these ex- 
44 45 | 45 30 | 32....; “ | 2,853 yee and it was with difficulty 
45 20 | 45 30...., |2,876| the second kite was started. 
45 50 | 45 48 | 31.... - 2, 868 
46 35 | 46 5 | 30 30 te 2,880 
46 47 | 2 30 2,915 
47 10 | 46 23 | 26 30 “| 2,896 
49 21 | 45 21 21....; 2, 846 
49 50 | 48 2 20....) “ 2,749 
50 48 | 40 41 | 21..... “ | 2,608 
51 30 | 42 23 | 81 30 ” 2, 696 
52 45 5 | 31 30 2, 832 
8 00 45 | 38 80 |....... 5,000 | 8,112 
8 5 39 25 | 22 30 8,175 
8 45 | 39 45 | 28...., 8,197 
420 40 5/ 2.. 8, 220 
5 10 | 40 34 | 25.. 8, 252 
548/41 8) 2%6.. 8, 290 


| 
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Taste X.— Details of Special ascensions.—Continued. 


2 
Se 
3/8 3 
| e t sine’ 
1806. |A.m.#.| | Feet.| Feet. 
635 4157/2...) “ 8, 
710 | 41% @....; “ 3,308 
8 @1....; “ 8, 180 
850/30 9/ @....; “ 8, 157 
8 17 40 | 88 40 | 17....| 6,000 | 3,326 
1845 | 3550/1630; “ 8, 512 
19 30 | 86 82) 15....;  “ 3,572 
2 5 | 3650) 16....; “ 8,610 
2045/37 1630; “ 8, 653 
22 20 | 16... 8, 735 
May 3 | 2 34 00 | 41 35 |....... 6,430 | 4,268 | Tandem of twokites. Three- kite 
84 80 | 42 00 |....... “ 4, 308 No. 24, 38.4 square feet surface; two 
85 00 | @ 5 4, 310 thousand feet lower down the trape- 
4,413 zold, No. 28, was attached, 43.1 square 
96 80 | 4410 |....... ps 4, 480 feet. The wind was just about right. 
87 80 | 4415 | 3 + “ 4, 487 The sky was partly overcast with 
248 WD | 42 45 ....... 7, 236 | 4,912 clouds, and towards 3 p. m. it became 
44 2 | 89 15 |....... - 4,578 apparent that a thunderstorm was 
5 B7 OO 4, 355 likely to come up. The electrical dis- 
87 |....... 4,388 charges from t wire were very 
46 45 | 88 55 |....... “ 4, 46 sharp, and followed each other in 
49 4, 958 ra) succession, producing sparks 
@ @j.......5 5, 000 an inch or more long. Means were 
5, O72 not available at the time for measur- 
250 90 | 45 32 |....... 5, 164 ing the pull, and the inclination of 
5, 258 the wire could not be measured with 
5, 387 the device usually employed, owing 
8 200 050 |...... 9,219 | 4,725 to the unp t effects from the 
5, 277 
| 5, 665 
37 48 5, 650 
B 1B....] 6, 474 
4 @ j.......| 6, 555 
*The p of observations made with 9.000 feet of wire out represent the height 
of the of the gathering clouds within which the kite was frequently ob- 
scured. 


About half past three p. m. a very severe thunderstorm burst upon 
us, and we were obliged to seek shelter. The kites continued to fly for several 
minutes during the storm, but finally broke loose. The storm was one of the most 
violent that has ever been known in Washington, and much damage was done 
throughout the city to roofs of houses, etc. A lofty steel flagstaff at Fort Myer, 
near the point at which the kites were flown, was bent over by the force of the 
wind atanangleof about 45° at the point about 50 feet above the ground, where it was 
held by guys. The kites were both found the same afternoon at a distance of 15 
miles due east of the point from which they were flown. Neither kite had been 
by the storm, and both are still in good condition. 


THE KITE LINE. 


Thus far in the study of the behavior of kites and in the 
analysis of the forces acting thereon we have considered, with 
few exceptions, only the kite itself. We now wish to study 
the forces acting upon the wire, with a view to clearly setting 
forth in what manner and to what extent these forces influ- 
ence the elevation attainable with a given kite. 

If we could employ a wire having no weight, and so fine that 
the pressure of the wind upon it would be wholly inappre- 
ciable, then, as more and more of this wire is paid out to 
it, the kite would pass outward and upward along the same 
straight line, such as R K, Fig. 72, retaining always the 
same angular elevation as seen from the reel. Provided the 
wind continued unchanged in force, there would be no limit 
to the height to which a kite could be flown under such cir- 
cumstances. Unfortunately, however, we can not fly kites 
with wire having no weight and against which the wind will 
not press, and, in consequence, our actual kite behaves in a 
very different manner from that described above. Supposing, 
as before, that the wind force is the same at all points, hig 
or low, the results we will actually obtain with the kite above 
employed will be something like these: When but a short 
length of wire is paid out to the kite, it will take its position 
upon the same line, R K,as before; that is, for example, at K,. 

hen more wire is unreeled, the kite does not continue up- 
ward on this line, but, instead, drifts gradually away to, lee- 


tively long, waves and sinuosities. 


ward and assumes, successively, such positions as at K,, K,, 
K,, ete., which positions lie on a curve identical with that 
of the line, but having the ends and sags reversed. An 
important feature, common to all of the positions the kite 
may assume, is that the portion of the wire next the kite 
remains always at exactly the same @nclination. The incli- 
nation is not -_ the same for all positions, but is the 
same as it originally was at RK,. Changes of the wind force 
and other influences may cause this inclination of the wire to 
change, but the mere reeling out or in of the wire itself has 
no effect on the inclination. With a certain amount of wire 
out, the portion next the reel becomes horizontal, and the 
limit of altitude is then reached. The kite can lift no more 
line. All these effects have been brought about under the lim- 
itations im by the action of gravity and the wind upon 
the wire. e have mentioned the wind equally with gravity 
as affecting the wire. It is probable that with moderate wind 
forces the pressure upon wire, owing to its fineness in propor- 
tion to its weight and strength, is a smaller and less im- 
portant force than gravity. 

By the aid of well-known mathematical formule we can 
determine in the most complete and exact manner all the 
effects due to the action of gravity on the wire. On the other 
hand, the effects of the combined action of wind and gravity 
are of a very complex character, are but little known and 
understood, and can be mathematically represented only in a 
most general and imperfect manner. The effect of the wind 
pressure on the wire will be disregarded for the present and 
we will proceed to develop the properties of the curve assumed 
by the kite wire as if it were wholly dependent upon gravity 
ea We will indicate afterwards how certain allowances 
can be made for the wind effect. 


PROPERTIES OF THE CATENARY. 


The name catenary is applied by mathematicians to the 
curve assumed by a chain or perfectly flexible inextensible 
string of uniform weight, when suspended from two points 
and acted upon by gravity alone. The kite wire is far 
from being perfectly flexible, but when the curve it as- 
sumes is formed on a large radius, as in kite flying, the 
wire may be regarded as perfectly flexible and the curve a 
true catenary, except for the wind effects. We may conceive 
that, owing to the stiffness and springiness of the wire, the 
curve in its minutest details acquires very small, but rela- 
These, however, are 
utterly inappreciable and of no importance when steel wire 
is used. In the case of strings, the wind effect is more impor- 
tant, and, moreover, the extensible properties of the string 
prevent the actual curve from being a true catenary. We 
make mention of these disturbing influences, but do not 
attempt to give them further consideration. 

The catenary possesses many very remarkable and interest- 
ing properties that have a more or less important ee 
upon the art of flying kites. In presenting and treating o 
these properties we can scarcely avoid the use of certain 
equations, but we hope the verbal statements of results and 
conclusions reached by their aid will be interesting to both 
mathematical and non-mathematical readers alike. 

The fundamental equations of the catenary may be written 
in a variety of forms, depending upon the variables employed. 
Each equation expresses some interesting property of the 
Some of the forms most convenient for use are the 


curve. 
following : 
y=VF4+ —c (1) 
(2) 
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d 
t=w(e+y) (5) 


In these equations the origin of coordinates is taken at 
the point where the curve is horizontal; s is the length of the 
curve measured from the origin, c is a constant, @is the angle 
of inclination of the curve with the horizontal at the upper end 
of a portion of length s, tis the tension at this upper end, 
and w is the weight per unit length of the material of which 
the catenary is formed. 

In Fig. 73 let A O B represent a catenary. The curve has 
similar branches on either side of O Y, but we are generally 
concerned with only a portion of the curve on one side. If 
the wire is just herizontal at the reel, then the position of the 
reel will be represented by the point O in the diagram. If 
the wire at the reel is inclined upward, more or less, then the 
position of the reel will be represented on the diagram by 
some such point as R, at which point the curve is inclined at 
the same angle as the wire at theereel. 

Tension.—The tension of the wire at the lowest point, that 
is at O, when the curve is horizontal is less than at any other 
point. The quantity c in the equation above is given by the 


expression c=#, That is, ¢ is the length of a piece of wire 


whose weight equals /,, the tension in-the curve at the lowest 
point. Extend the line Y O down to O’, making O 0’ =¢, 
and draw the horizontal line D D’. This line is known as the 
directrix of the catenary. We found above that c¢ was the 
length of a piece of wire whose weight equaled the tension 
at the lowest point. Any other vertical! line, such asc’, drawn 
from a point p on the catenary to the directrix represents, in 
like manner, the tension at the point p. 

If t @ and ¢’ @ are, respectively, the tensions and inclina- 
tions of the curve at any two points, then, from equations (1), 
(4), and (5), there results, 


t cos. 
7*='cos.0 


(6) 


Maximum height—Let P represent the point at which the 
kite acts on the wire, and suppose that the reel is at O, the 
kite will then be at its maximum height, which is represen 
hs: the ordinate y. The whole catenary is sustained by the 
pu’ of the kite. This pull is exerted in a certain direction, 
and with a certain intensity. It was pointed out above that 
with a steady, constant wind force, and the same kite, the 
direction and intensity of the pull remains fixed and invaria- 
ble. Let the aren of the wire next the kite be repre- 
sented by the angle 9, as indicated in Fig. 73; then, as seen 
from the reel, the kite will have the angular elevation P OX 
=. If s is the length of the wire up to the kite then the 
height of the kite will be, from equation (1), 


h=y=Ve+ 


Replacing ¢ in this equation by its value in terms of tan. 8, 
| reducing, we obtain 


(1 — 8) (7) 


This equation tells us that when a kite has taken up all 
the line it can carry the height may be expressed in terms of 
the length of the line and the inclination of its topmost por- 
tion. If we imagine several kites in the air, some small ones 
restrained with fine threads and strings, others larger with 
fine wires, others again still larger with heavy cables, and if 
we suppose further that all these kites pull their respective 
lines at the same angle 6, and that when the same len 
of line is out the bottom end is just horizontal, then equation 


h=y= 


(7) tells us that all these kites will be at the same ele- 
vation and that the curves of their respective lines will be 
exactly alike whether the lines are light or heavy. The 
only difference in the conditions existing in the several 
lines will be one of tension, which will necessarily be greater 
in the heavy than in the light lines. These statements are 
graphically verified by a very simple experiment. Take 
several chains or other very flexible strings of very different 
weights per lineal foot, suspend exactly equal lengths of these 
chains and strings between any two points, the curves as- 
sumed will be identical. We learn further from equation 
(7) that so far as the action of gravity on the kite line is 
concerned nothing is to be gained or lost by the use of either 
light or heavy lines. The tension under given conditions 
wil] be exactly proportional to the weight of the line em- 
ployed. Heavy lines will require proportionally larger kites 
to produce the same effects. This is evident from equation 


(5) 
(8) 


in which for the same values of s, 4, and A the tension is di- 
rectly proportional to w. 

Angular elevation at maximum height.—Returning to the 
consideration of a single kite at P, Fig. 73, ? is the angular 
elevation of the kite observed at the horizontal point of the 
curve and when the linear altitude of the kite isa maximum. 
From trigonometry we have 


tan. ? = y 


x 


Substituting in this equation the value of y in equation 
(7) and « from equation (3), eliminating c by means of 
equation (4), and reducing, we get 

1 — cos.@ 
(9) 
cos. nap. log. (sec. 6 + tan. 4.) 


The second member of this very interesting equation con- 
tains only the quantity The meaning of this is that when a 
kite has taken out all the line it can carry, or when the line at 
the reel is horizontal, the kite’s angular elevation will be a 
minimum, and will depend entirely upon the inclination of 
the upper part of the line next the kite. If we imagine 
sole kites of different sizes pulling with different forces, 
but all pulling their respective lines at the same angle, 
then these kites, when each has lifted all the wire it can 
carry, will all have the same angular elevation measured 
from the lowest point of the line. If these lowest points 
are all brought together at a common point represented, for 
example, at O, in Fig. 73, the kites will all take up positions 
one behind the other as at P, P’, P’, ete., on the straight line, 
O P. 

Tsoclinals.—It results from the above that if we draw a 
large series of catenaries, each corresponding to a given 
value of c, upon the same coordinate axes as in Fig. 74, then 
a line like O C, radiating from the origin O, will intersect 
every conceivable catenary at the same angle, and the tan- 
gents to the curves at the points of intersection will form a 
system of parallel lines. Any other radial line, as O OC’, will 
intersect at a new angle and form a different set of parallel 
tangents. The radial lines under these circumstances may 
be called isoclinals, and designated C,,, C,,, etc., corresponding 
to the angles of inclination of the curve at the points of in- 
tersection. All conceivable catenaries formed upon the co- 
ordinate axes O X and O Y must, in the diagram, be com- 
prised within the space above the axis O X and no two of the 
catenaries can intersect. Fig. 75 is a diagram embracing a 
comprehensive system of lines, catenaries, etc., formed upon 
the principles stated above. These principles have impor- 
tant applications with respect to the behavior of kites. 


tan. ? = 
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The angle of inclination of that part of the wire that is next 
to the kite, or the bridle, tends, as we have seen, to remain 
comparatively constant, it changes to some small extent with 
changes in the force and vertical component of the wind, and 
the angle differs more or less in different kites. Other things 
remaining the same, however, the real problem in designing 
kites that shal! attain t elevations is to cause this angle 
to be as great as ible. We see now the reason for this. 
The position of a kite which pulls the wire at an angle of 50° to 
the horizontal must, for the maximum height, be represented 
by a point on the line O C, of Fig.75. The corresponding 
angular.elevation %, as seen ‘from the reel and as given by 
equation (9), is only @ = 28° 48’, and it makes no difference 
what kind of line is employed or how much is paid out, the 
position of the kite pulling at an angle of 50° must, when it 
attains its maximum elevation, be represented by a point 
on the isoclinal C,. Similarly, a kite pulling at 60° attains 
its maximum elevation at an apparent angular altitude of 
® = 37° 13’, and in the diagram, Fig. 75, its position is repre- 
sented by some point on the isoclinal C,. 

Isoclinals for practical cases —Having thus, from the proper- 
ties of the catenary, learned the effects resulting from pulling 
the upper end of a kite line in different directions, let us re- 
fer to actual observations on kites and ascertain at what an- 
gles the wire is actually pulled in practical cases. Table IX 
contains the results of numerous observations upon kites and 
the angles we now seek are given in one column under the 
heading 6 = inclination of wire at kite. The smallest 6 angle 
recorded is 48.8° and the largest 64.2° and it happens that both 
results were obtained with the same kite, namely, the three 
plane kite shown in Fig. 56.'_ The difference between these 
two values is partly due to differences of wind force, but also 
to alterations made in the bridle on differentoccasions. Our 
experiehcey with this class of kites shows that the angle be- 
tween the horizontal and the wire next the kite rarely exceeds 
60°, except with kites of the best form and under very favor- 
able conditions of wind. A greater inclination than 60° may 
in some cases be obtained with kites of light weight by ad- 
justing the bridle so that the angle of incidence is small. 

n that case, however, the wind pressure is lessened and the 
gain that arises from a steeper angle of pull is more than 
counterbalanced, perhaps, by the diminution in the amount 
of the pull. The selection of the most advantagous angle of 
incidence is an interesting point which will be considered later. 

Equitensals.—Referring again to Fig. 75 we recall that we 
found that, when at their maximum height, the positions 
of all kites re at 50° may be represented by points on 
the isoclinal C,,, similarly those of kites pulling at 60° by 
points upon the isoclinal C,. Now, suppose it were possible 
to cause a kite to continue to pull with the same constant 
force, while the direction of the pull at the kite is changed, 
it will be interesting to inquire what effect a change in the 
angle of pull can produce upon the maximum possible eleva- 
tion of a kite. From a mathematical standpoint the answer 
to this question consists in drawing a line in Fig. 75 of such 
a character that the tensions on all the catenaries at the points 
of intersection with the new line will be the same. Such in- 
tersecting lines may be called equitensals, since they cut the 
catenaries at points of equal tenseness or pull on the line. 
We may find the equation of such a line as follows: From 
equation (8) we have for the tension at a point whose eleva- 
tion is A and where the curve is inclined at an angle 9, 


t= th) 


8 
sin.@ wcos.@ 


! Fig. 56 will be found in the Warner Review for May. 


from which 


Substituting this expression in equation (7) and solving for 
h we have 


ha! (1 — cos. 
w 
which is the equation sought. This equation may be stated 
in another form, in terms of s, by deriving it in a similar 
manner from equations (7) and (8) by eliminating h. The 
result is 


(10) 


(11) 


Equation (10) gives us the maximum height attainable by 
a given kite pulling at an angle @ with tension ¢t, the wire 
weighing w pounds per unit length. Equatjon (11) gives the 
length of wire required by the kite to attain this position. 

In Fig. 75 T T’ is an equitensal passing through the point 
P. The points at which this line crosses the isoclinals C,,, 
Cu, Cy, ete., are the positions that would be taken by kites 
that are at their maximum altitudes and all pulling equally 
hard, but at angles of 50°, 60°, and 65° respectively. In con- 
structing any equitensal, such as 7' 7", we observe that if A 
= the height at which the equitensal crosses the isoclina 
) fol then the height at which it crosses the isoclinal of 60° 
wi 


a= gin. 0 
w 


1 — cos. 60° 


Drawing a horizontal line on the diagram at a height 
= 1.4h,, above the line OX, the point at which it intersects 
the isoclinal C,, is a point on the desired equitensal. Other 
points may be jocated in a similar manner. 

Furthermore, equation (11) shows that if s,, is the maxi- 
mum length of the curved line of wire that a kite pulling 
with a certain force can sustain when the angle of pull at 
the kite is 50°, then by pulling with the same force at an 
angle of 60°, it will carry up a length of wire given by the 
expression 


= 1.400h,, 


_ These results may be presented in another and perhaps 
more striking manner. Suppose a kite pulling with a cer- 
tain force at an angle of 50° is able to attain a maximum 
elevation of 1,000 feet. If now, by any means, we can cause 
the kite to pull with the same force at an angle of 60° in- 
stead, it will attain an elevation of 1,400 feet, being a direct 
gain of 400 feet in 1,000 for an increase of 10° in the angle. 
The length of wire required in the first cage will be 2,145 feet, 
and in the second case 2,425 feet. Although 400 feet have been 
gained in elevation by the change, yet only 280 feet more of 
wire have been required. With the kind of wire employed in 
the Weather Bureau work, weighing 2.155 pounds per 1,000 
feet, the tension required at the kite in both cases will -be 
6.03 pounds. The weight of the additional 280 feet of wire 
is 0.603 pounds. The kite then, without pulling any harder, 
flies 400 feet higher and carries 0.603 pounds more wire. This 
gain in height and carrying power is wholly due to the im- 
provement in the angle of pull in the kite. It is important 
to notice here that this increase in the angle of pull must not 
be brought about, as it might be, by lessening the angle of 
incidence of the kite, because in that case the pull of the kite 
would also be lessened, and our comparison has been drawn 
on the supposition that the pull has remained constant. 
There is a way, however, in practical cases by which the de- 
sired improvement in the direction of the pull can be brought 
about without sensibly diminishing the intensity of the pull. 
If the kite pulling at 50° is badly defective in respect to edge 
pressures, waviness and fluttering, eddy effeets, etc., then by 
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eliminating these defects the angle of pull will be increased 
with only a very a very slight diminution of pull. From 
actual measurements upon Weather Bureau kites, gains of as 
much as 10° in the angle of pull are sometimes possible in 
practical cases with no loss in intensity of pull. 

Incidence for maximum altitude—We have noticed before 
that the advantage which may be gained by lessening the 
angle of incidence of the kite, and which, other things re- 
maining the same, would tend to make the direction of pull 
steeper, may be more than counterbalanced by the diminution 
in the intensity of the pull, which necessarily accompanies 
a diminution of the angle of incidence. Furthermore, there 
is another wholly independent and very important factor 
bearing directly upon this question, namely, the efficiency as 
affected by changes in the pressure of the wind. It was 
shown on page 241 that when the wind pressures upon kites 
became relatively small, as may be the case with relatively 
small angles of incidence, the efficiency angle, owing to the 
pronounced effect of the weight of the kite, also became 
small. We may state this in other words, as follows: Less- 
ening the angle of incidence not only always lessens the pull 
but it may also lessen the angle at which the kite pulls the 
string, owing to the detrimental effect of the weight of the 
kite under feeble wind forces. If we set the kite at too great 
an angle of incidence it will fail to reach a great elevation, 
because in spite of the strong pull it may exert, the direction 
of this pull is at too unfavorable an angle for the best effect. 
On the other hand, too small an angle of incidence, owing to 
the falling off in efficiency, likewise fails to bring about the 
most satisfactory result. It is apparent, however, that be- 
tween these extremes is a condition, a particular angle of in- 
cidence, leading to the maximum linear elevation. On ac- 
count of the change which may take place in the efficient 
action of the kite when the theidence of the kite is changed, 
and arising more particularly in light winds it is probable 
that the incidence for maximum effect should be determined 
independently and separately for each kite. Data is not 
available by which this can be done at present, and it will be 
quite as instructive, in the present case, to analyze the problem 
in a ee way. This will give an idea as to the approxi- 
mately best angle of incidence. 

Ideal and actual kite-—There are two conditions for which 
we may seek the solution of this problem. We may consider 
only the special case of the ideal kite, with a constant effi- 
ciency of 100 per cent, or we may ascertain the best inci- 
dence of actual kites of several stated efficiencies. The com- 
plete solution would require that we suppose the efficiency to 
vary as a function of the incidence. It is in respect to this 
condition that data is as yet wanting. We will, therefore, 
first solve the equations for the ideal conditions, and after- 
ward consider the actual kite, with several different efficien- 
cies, in order to give a range between which most practical 
cases will fall. 

Best incidence—ideal case.—If i is the angle of incidence of 
the kite, then, in the ideal case, the direction of pull will be, 


6 = (90° —i). 
Now, the force with which the wind presses upon flat sur- 


faces at different angles of incidence is given with a close 
degree of approximation by Duchemin’s formula, as follows: 


2 sin. 7 
1 + sin.?i (12) 
In this expression P represents the proportional pressure 
upon the inclined surfaces of the kite and P, the correspond- 
ing pressure of the wind upon the same surfaces need aa 
mally to the wind direction. The formula is strictly appli- 
cable to flat surfaces only. It is applied to kites in the 


manner that follows because a better formula is not known. 


We desire to know, at least approximately, which is the best 
angle of incidence in a given case, and this we believe Duche- 
min’s formula will give. 

The pull of an actual kite—that is, the tension in the wire at 
its upper end—is represented by the diagonal of a parallelo- 
= of which P from the above equation is one side and 

, the weight of the kite, is the adjacent side. The included 
angle is 180° —i. In the idea] kite we assume that the weight 
is inappreciable, compared with the wind force on the kite, 
and, as a direct consequence of this assumption, the diagonal 
of the above mentioned parallelogram coincides with the side 
P; in other words, in the ideal kite the pull is equal to the 
pressure of the wind; hence we may write for the tension in 
the wire at the upper end, 


t= P= P, 


1+ 
From this equation and (10), first replacing 4 in the latter 
by its value, = (90° —i), we have: 
2P, sin. i—sin.’ i 
1+ sin.’ 


= (13) 


This equation gives in terms of the angle of incidence the 
height attainable by a given ideal flat kite when it has taken 
out all the line it can sustain. To find the incidence which 
will give the maximum possible elevation, we need only to 
determine the value of i from the differential coefficient of 
equation (13) when that coefficient is placed equal to zero. 
That is, 


[1 —sin?i—3 sin. i|- 0 (14) 
whence 
sin.” i+ 2 sin. i= 1. (15) 
That is, 


sin. i= + /2—1= + 0.4142 0r —2.4142 


and 
i == 24° 28’. 

The angle of incidence with which the ideal flat surface 
kite can attain the highest elevation is therefore 24° 28’, and 
the corresponding inclination of the wire at the kite is 65° 
32’. The angular elevation of the kite from the reel when 
the wire is horizontal will be, from equation (9), ? = 42° 47’. 

Best incidence for actual kite-—In the case of the actual kite 
the efficiency will necessarily always be less than 100 per 
cent, which is practically equivalent to saying that in the 
actual kite the angle between the wire and the kite will always 
be less than 90°. This angle of the string is affected by: 
(1) the wind pressure upon the edges of the kite, waviness, 
fluttering, eddies, etc., which deflect the action line of the total 
wind pressure upon the kite away from normal, (2) the weight 
of the kite must be overcome, and to do this the direction of 
pull must be deflected away from the direction of the wind 
pressure. Both these effects (1) and (2) act in the same man- 
ner ; that is, if g represents the angular deflection due to grav- 
ity or the weight of the kite, and e that due to edge pressures, 
then the direction of pull will be deflected away from the nor- . 
mal to the kite surfaces by an angular amount, represented by 
(e+ gq). The relations of the angles in question are shown 
in Fig. 76. If P represents the pressure of the wind normal 
to the kite surfaces, then the total wind pressures O Q will be 
P’=P sec.e. Furthermore, in the triangle of forces 0 Q R, 
from trigonometry, the side 0 R = pull of kite, will be given 
by the expression, 


t= /P* sec.e + W?—2P Weec.ecos.(i+e) (16) 


The angle ¢ is not a known quantity; it is a small angle 
which is, it seems, practically constant in a given kite, but 
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may aw vary with the wind force. This’ angle, in cer- 
tain kites has been determined by means of the diagram 
of forces which is described on p. 243. The angle in the 
best cellular kites has been found to be under 3°, whereas 
with inferior kites the value has slightly exceeded 10°. The 
term sec.e¢ is, therefore, on account of the small value of e, 
a quantity which we may assume to be constant without in- 
troducing any important error. 

In regard to the term cos. (i + ¢) it may be said that i, the 
best incidence for the actual kite must necessarily be smaller 
than that for the ideal flat surface kite, which we have found 
to be 24° 28’. The reason for this is that the effects due to 
edge pressures, waviness, eddies, etc., tend to depress the kite 
by forcing it to leeward away from the zenith. To offset 
this it is necessary to set the kite at a smaller incidence 
which tends to make it approach the zenith point. We may 
therefore expect to find the best incidence for the actual kite 
with flat surfaces smaller than 24°. Since e¢, as we have seen 
for the better class of cellular kites observed, is less than 3°, 
we may assume that i+e will not exceed 25° in actual 
kites. Moreover the term can not change its value more 
than a few degrees in extreme cases, which fact together 
with the general unimportance of the term in any case ren- 
ders refinement unnecessary and we will therefore assume 
that this term has the constant value, 

cos. (i+e)=a 
In work with actual kites we can not profitably attain high 
elevations unless the wind force upon the kite is considerably 
ater than the weight of the kite. Under ordinaril 
avorable condition the wind force P will be from 5 to 7 
times the weight of the kite and will frequently be still 

ater. As we seek more particularly to discover the best 
incidence under conditions of favorable winds we will assume 
that the weight of the kite in equation (16) is expressed in 
terms of P, thus, W=5P, in which } is a small fraction 
rarely as great as 0.2 and often less than 0.1. 

According to the several assumptions we have made above 
equation (16) becomes, 


and adopting Duchemin’s formula, equation (12), as applica- 
ble to cellular kites with flat surfaces, we get, 


2sin.i (17) 


kP=k Py + 


In reducing the expression (16) to this form we virtually 


’ assume that the tension on the wire next the kite does not 


undergo any variations with changes of incidence except 
such as are wholly due to changes in the wind force. This 
is not strictly the case, for there is a slight variation due to 


the effects of the weight of the kite and these are fully in-| Lengt 


cluded in (16). The amount of these variations, however, 
in the extreme cases will barely attain to 1% of the pressure 
itself, and we believe that by neglecting them, as we shall do, 
no serious error will result in the values deduced for the best 
angle of incidence. 
rom Fig. 76 we see that 
@ = 90° — (e + g) 

90° — (e+), it will be noted, is the angle of inclination 
of the wire to the kite and is a known angle when the effi- 
ciency of the kite is known. We have heretofore called this 


angle the efficiency angle (page 239). Knowing the percentage 
efficiency, FE, uf a kite, the efficiency angle, D, is given by the 


relation, 
D=9 x E 


and for the inclination of the wire at the kite we may write 
@=D—i 


with the values of ¢ and 4, given above, and equation 
(10), we obtain the following equation for the maximum 
elevation that can be attained by actual flat surface kites 
depending upon the pull and the angle of incidence; (13) 
is the corresponding equation for ideal kites, 


2k P, (sin. i — Acos.isin.i — B sin.’ 7) 
(1 + sin.’7) (18) 


In this equation A = cos. D and B = sin. D are sensibly 
constant for any given kite under conditions of wind force 
favorable for gaining high elevations. 

When the efficiency is 100% D=90° andk=1. Equation 
(18) then reduces to (13) for the ideal kite as should be the 
case. 4 
Differentiating (18) and reducing, we have, 


di w(1+ i)? L+ 2sin.i(Asin.i — Bcos.i) 

which is quite analogous to the similar equation (14) for 

ideal kites. Placing the second member equal to zero for a 


maximum, we obtain a form convenient for computation, as 
follows: 


cos. i= A (tan?i— tan. i) | (20) 


B and A, it will be remembered, depend upon the efficiency. 
When this is 100 per cent, equation (20) reduces to, 


sini = + /2—1, 


the same as already found for the ideal kite. 

By means of equation (20) the best angle of incidence for 
kites of several different degrees of efficiency, ranging from 
70 to 95 per cent, have been com»puted by methods of approxi- 
mation, and are given in Table XI, with other useful informa- 
tion. Efficiencies as low as 70 per cent ought not to obtain 
with good kites, except, perhaps, in very light winds, in which 
case ascensions to considerable elevations with such kites are 
not practicable. On the other hand, an efficiency of 95 per 
cent is not by any means unattainable when the wind velocity 
is favorable—that is, 15 miles per hour or more. 


Taste XI.—Beast angles of incidence for flat-eurface kites. 


63°00’ | 67°30’ | 72°00 | 76°30’ | 81°00’ | 88°30’ | 90° 00/ 
Best incidence....i 18°30’ | 19°33" | 20°36’ | 21°36" | 22°34’ | 23°31’ | 24° 
Inclination ....... 
Elevation......... 


49" 
Altitude, feet ....r 000; 1,202) 1,424 1,666; 1,928) 2,207 2,504 
Pull, ae cess t 7.5 7.8 8.2 8.4 8.7 9.0 9.2 
of wire....4 2,444; 2,708 | 2,950/ 3,207) 3,447) 3,674 8, 890 
h+s 0.410; 0.444/ 0.481/ 0.518; 0.559/ 0.602 0.645 


In addition to the best angles of incidence for actual kites 
of several efficiencies, Table XI gives the maximum heights 
attainable, computed from equatien (18), upon a uniform 
basis of such conditions as would be requi by the kite of 
70 per cent efficiency to attain an elevation of 1,000 feet; 
that is, if the efficiency of this same kite could be increased 
from 70 per cent to per cent, for example, and with no 
change in its surface, weight, or other features, it 
would then, with exactly the same wind, be capable of attain- 
ing nearly double the altitude, namely, 1,928 feet. The con- 
stant required in equation (18) for these computations is 
obtained by making h = 1,000 when i= 18°30’, and solving 
for 2k P, + w= 12,090. The assumption that k is constant, 
as explained above, will not affect the results to an impor- 
tant extent. The pull, t, at the kite and the _— of wire, 3, 
may be found | most easily from equations (10) and (11), 
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respectively, in which w is the weight per foot of the steel 
wire employed at the Weather Bureau, viz, 0.002155 pounds. 

A kite showing an efficiency of 85 per cent will, in most 
cases, be regarded as a very good kite, although still higher 
efficiencies up to 95 per cent are probably attainable. The 
altitude attained by an 85 per cent kite is less than that of 
the 95 per cent kite by 541 feet on a moderate elevation of 
1,666 feet. For an ascension of 1 mile the 85 per cent kite 
would be deficient by over 1,700 feet, that is, the 95 per cent 
kite under precisely the same circumstances would ascend 
1,700 feet more than the mile. 

It is plain that where such large gains as this are possible, 
it devolves upon every one who aims to get the highest eleva- 
tions to fully inform himself as to the real merit of his kites 
and see to it that they are bridled and flown under the best 
adjustments. 

he results which have been brought out in the foregoing 
discussions concerning the best incidence depend upon Du- 
chemin’s law of variations of pressure with incidence, and 
apply only to kites with flat as distinguished from arched 
surfaces. The best incidence for arched surfaces is undoubt- 
edly smaller than for flat surfaces. We have also disregarded 
the effect of the wind upon the wire, which while small, is 
still of some importance, and as its effect is to drift the kite 
to a position further away from the zenith than would other- 
wise be attained, the best incidence when the wind effect is 
included will be smaller than given in Table XI. 

Maximum sag and slack of wire-—We have called the angles 
between the curve and its chord the sag of the wire, as for ex- 
ample the angles Sand S’, Fig.67. We will similarly use 
the term slack to designate the difference between the length 
of the chord and the length of the curve itself. 

When the wire is horizontal at the reel the angle of sag at 
that point is then the same as the angular elevation of the 
kite, that is S’=9, the sag at the kite is similarly, S= 6 — 9, 
Dealing with portions of the catenary on one side only of 
the Y axis, S’ is the maximum sag possible. 

If r is the air-line distance between the reel and the kite 
when the wire is horizontal, then, 


h 
sin. ? 
combining this equation with (7) we get, 
s(1— cos. 4) 


r 


and the slack will be, 


sin. sin. 

We will consider hereafter the sag and slack for conditions 
less than the maximum. 

Partial ascensions—In the discussion of the properties of 
the catenary we have thus far treated only of the behavior of 
kites when they have ascended to their utmost limit and sus- 
tain all the wire they can carry. All those conditions which 
tend to produge the best results when the wire is horizontal 
at the reel are equally beneficial in the case of partial ascen- 
sions where the kite carries up only part of the wire it can 
sustain, and the portion at the reel is inclined to the horizon- 
tal ata slightangle. Partial ascensions are the usual cases in 
practice. When the wire at the reel becomes horizontal 
the frequent diminutions of wind force allow it to tempo- 
rarily sag to the ground or to interfere with trees, buildings, 
etc., and in general, therefore, we must pay some margin 
within which the usual variations of pull may occur without 
permitting the wire to sag to an objectionable extent. Fur- 
thermore we see from Fig. 72 that, since the path described by 
the kite in attaining its maximum elevation is the inverted 


catenary, the last portion of the ascent is very slight, and but 
little is gained in paying out wire to the last extremity. 

The constancy of the inclination of the upper portion of 
the wire in the successive positions assumed by a kite passing 
upward from the reel to a maximum elevation, as shown in 
Fig. 72, was pointed out on page 246. The several curves of 
the wire are all portions of one and the same catenary, that 
is, portions of the curve R K,. When but a short length of 
wire is out, its curve is the portion of the catenary from K, 
down to such a pointas R,. With greater and greater lengths 
of wire out it is as if the reel were moved backward and 
downward along the catenary passing through positions 
such as R, R,, etc., while the kite has remained stationary. 
When we know the angle of inclination of the wire at the 
reel in a given case we can locate its position on the catenary. 
The diagram in Fig. 75 represents all constivable catenaries 
and may therefore be employed to represent graphically any 
partial ascension. For example, if the wire at the reel is in- 
clined at an angle, 6 = 10°, then the position of the reel is 
represented in the diagram by some point on the isoclinal 
C,,. The particular point on the isoclinal will depend upon 
the tension, t’,at the reel. If this is known, then the position 
of the reel is located at the point of intersection of the isocli- 
nal C,, and the equitensal t’. The catenary passing through 
the point of intersection is the particular one representing 
the kite wire in the given case and the position of the kite at 
the upper end may be located in several ways. 

If 4, the inclination of the wire at the kite is, for example, 
@ = 60°, then the position of the kite will be represented by 
the point of intersection of the particular catenary already 
found with the isoclinal C,. If %’ is the angular elevation 
of the kite from the reel we may lay off on the diagram a 
line making the angle #’ with O X and passing through the 
point representing the position of the reel. The upper inter- 
section of this line, with the particular catenary representing 
the kite line, gives the position of the kite. There is still 
another and more general graphical way of locating the kite 
on the diagram. It is possible to draw a system of lines on 
the diagram resembling the equitensals and crossing the cate- 
naries, but cutting off equal arcs of the curves measured 
from the origin. The equation for these equiarcals is ob- 
tained simply by making @ and h the variables in equation (7) 
thus: 


8 
h = = (1 — cos. 4) 


Lines of this character are designated on the diagram by 
the letters L,, L,, etc. The subscripts indicate the “—— of 
arc cut off from the origin in units of 1,000 feet. Having 
located on the diagram the position of the reel, in the case 
of a partial ascension, the equiarcal passing through that 
point gives the length on the mere age é from the reel to the 
origin. Knowing, in addition to this, the length of wire out, 
the sum of the two determines the equiarcal for the kite. 
The point of intersection of this with the particular catenary 
passing through the reel gives the desired position of the kite. 

The linear elevation of the kite is the vertical distance on 
the scale of the diagram between the positions found for the 
reel and the kite. 

By such methods as we have thus described a diagram of 
the kind shown in Fig. 75 may be employed as a graphic 
chart completely representative of any ascension that may be 
made with a single kite. Numerical tables for deducing 
elevations, etc., will — be preferable in many cases 
but the chart shows the results graphically and has been dis- 
cussed at length more particularly because of the several 
interesting properties of the catenary involved in its use. 

General equations for partial ascensions.—Fig. 77 represents 
a partial ascension in which the reel is at R and the kite at 
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K, with the origin of coordinates at 0. Letters designating 
the coordinates of the catenary at the point representing the 
reel are distinguished by a superscript, (‘). The linear ele- 
vation of the kite ish = y—y’ and the length of wire out is 
l= s—s’. 

If ¢’ is the tension of the wire at the reel then from equa- 
tion (10) we have, 


t’ 
’ a’ 
=~ (1—cos. 6’) 
Eliminating ¢ from equation (1) by its value in terms of 
t’ and 6 and replacing ¢ by its value s=/ + sin. 6 we ob- 
tain, 


2 
Whence, 


From this equation we learn that when the length of wire 
out is known together with the tension and inclination at the 
reel, the height of the kite is given, even though it is con- 
cealed from view, as by clouds, darkness, its remote distance, 
ete. This results from a general property of the catenary 
and the equation is equally applicable to the case of either 
partial or complete ascensions. Owing to great momentary 
variations that take place in the tension of the wire, calcu- 
lations of elevations depending upon the tension at the reel 
will not, as a rule, be as accurate as those deduced by other 
methods, but equation (22) will undoubtedly prove useful in 
cases where other methods of ascertaining elevation are not 
available. 

In passing, it may be remarked that the elevation of an 
invisible kite deduced by equation (22) will be more accu- 
fate, as the sag in the wire is greater. 

If 4 and ¢ are the inclination and tension of the wire at 
the kite, we may write, 


y= —cos.4), andy’ = (1 — cos. 6’) 


whence, by equation (6), we get, 
t cos. 6 


an equation which we shall have occasion to use hereafter. 
Observed angular elevation.—Instead of measuring the ten- 


h=y-y= (23) 


the reel and other quantities that are known. The value of 
t’ corresponding to a given value of %’ can be deduced from 
this equation only by methods of approximation. It will 
not, therefore, be practicable to eliminate ¢’ from equation 
(22) in the manner contemplated, but we can, by tabulating 
a limited number of values of the several quantities, deduce 
the percentage of slack in the wire corresponding to such 
conditions as are likely to occur in practice, and thus provide 
a method for accurately computing the height of kites, in par- 
tial ascensions, that does not depend upon the tension of the 
wire, 

Slack in the wire in partial ascensions.—Let r be the length 
of the chord of the catenary from the reel to the kite, then, 


~ (25) 


sin. ? 


slack = 1 — r and percentage of slack = 1 — + 
The ratio of any chord of a catenary to the corresponding 
arc is given by the equation 
r_ cos, 6’ —cos. 6 


sin. @ sin. 


which may be obtained from equation (23) by eliminating 


in terms of 1. = 

The relation between %’, 6, and 4 is obtained by forming 
an equation for x similar to (24) for x’, whence, with the 
value of h in (23), there results, 


sec. 6—-sec. 6’ 


sec. 9 + tan. 8 
nap. log. ian 


tan. = h (= 


| (27) 


Table XII contains a series of values of # deduced from 
equation (27) corresponding to such assumed values of 6 and 
6 as may occur in practice. With each value of ® is also 
tabulated the corresponding percentage of slack computed 
by means of equation (26). The results are rigorous repre- 
sentations of the properties of the catenary, and even though 
the wind effect has been omitted, the relations of the quan- 
tities concerned are such that the wind effect on the wire can 
not modify the percentage of slack, corresponding to given 
values of # and 4’, except by a quantity of secondary mag- 
nitude. 


Taste XII.—Angular elevation and percentages of slack. 


sion in the wire at the reel in a given case, we may observe . 
the angular elevation, ®’, of the kite from the reel, and if we ee eaneeeee. 
can determine the relation between @ and ¢’, the latter may 
be eliminated from equation (22). From trigonometry we 
have | 8.22 | 2.08 1.11 | 0.51 | 0.18 
tie h 28.89 | 82.99 | 96.9° | 41.09 | 45.99 
tions (8), (4), and (11), is, | | | | | 
=* cos. 6” nap. log. (sec. + tan. 6’) | | | | 
Similarly the value of z is, Taste XIII.—Ratio of sag = S~ 8S’. 
1+ ein. + sino S'=0!—@!=sag at reel. 
2 = ~ cos. & nap. log. > 
w go | 40 | | go | 10° | 120 | 140 | 
w 
» we o tain a very complex transcendental equation } wag bodecceeensceseccessccceos 0.929 | 0.876 | 0.834 | 0.800 | 0.770 | 0.746 | 0.724 | 0.671 
representing the relation between the angular elevation ag | Omen sescecccceecen cnn 0.918 | 0.854 | 0.804 | 0.766 | 0.781 | 0.705 | 0.681 | 0.687 
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The practical use made of Table XII is as follows: With % 
and / we compute the approximate elevation of the kite from 
the equation, h’ =/ sin. ’; with ? and 6’ we take from Table 
XII the corresponding percentage of slack; deducting from 
h’ this same percentage of itself there results the actual 
elevation. 

The ratios of the angles of sag, given in Table XIII, will be 
understood from what follows: 

Angles of sag in partial ascensions.—In making efficiency 
tests we measure the angle of sag, S’, at the reel, and desire 
to know the corresponding sag, S, at the kite. The ratio 
S + S’ of these angles is nearly constant when S’ is small, and 
it varies but little with different values of 6’. In computing 
these ratios we have used the relations S’=%?’—6’ and 
S = 6—9%’, which are apparent from Fig. 77, and the values 
of # deduced from equation (27). 

Altitude as dependent upon pull.—Kites of different size pull 
with different forces. The maximum altitude a kite pulling 
with a given force t, at an inclination @ can attain is given by 
equation (10) thus, 


A kite that pulls twice as hard as another can, we see, at- 
tain twice the altitude. Moreover equation (7) shows that 
exactly twice the length of wire will be required. If instead 
of one large kite two smaller ones, each pulling half as hard 
but at the same angle, were made to pull, without interference, 
at the end of the line, it is plain that the combined action of 
the two kites would necessarily be equivalent to that of the 
large one in every respect. Suppose, however, the two kites 
were formed into a tandem in the usual fashion; we wish 
to know whether the top kite can then attain a greater, an 
equal, or a less elevation than that reached by the single equi- 
valent kite. 

Kites in tandem.—Some mention was made on page 121° of 
the greater steadiness of pull resulting from the use of two or 
more kites in tandem. This is an important matter in itself 
but does not directly concern us here as our analysis of the 
properties of the catenary proceeds upon the assumption that 
the tension on the wire is, in all cases, sufficiently steady to 
keep the resulting curve in a condition of complete static 
equilibrium. We assume further in our discussion of the dis- 
tribution of kites in a tandem that all are subjected to the 
same wind force. 

Two considerations arise in flying kites in tandem, namely, 
(1) having given a certain pull, acting in a certain direction, 
how shall this be employed to gain the maximum elevation? 
Shall the pull be concentrated and applied at the end of the 
kite line, or shall it be subdivided and distributed, and if so, 
how? (2) Having given a wire or line capable of sustaining 
a certain maximum safe-working tension, how shall it be em- 

loyed with actual kites to attain the maximum elevation? 

e shall find that the same general equations will enable us 
to answer both these questions. 

General equations for tandems.—Our equations will be suffi- 
ciently general if we assume that the different kites which go 
to ae up the tandem are exactly equal in all respects, hence 
t and 6 will represent the intensity and inclination of the 
pull of any of the kites. 

Fig. 78 represents the forces acting at the point at which a 
second kite is attached to the line from the topmost or so- 
called pilot kite. Using a notation similar to that already 
employed, 6’ and ¢’ are, respectively, the inclination and pull 
of the portion of wire just above the point at which the 
second kite is attached. (9 and ¢’ result from the action 
of the pilot kite.) 6, and t, are respectively the inclination 
and pull of the portion of wire just below the point at which 
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the second kite is attached; they represent the combined 

wer of both kites. Constructing the parallelogram of 
orces between the tensions involv 
nometrical relations, 


t, = + + cos. (0 — &) (28) 
but, 
cos. 8 
‘ 
whence, 
cos.’ 6 cos. 6 


an equation which represents the resultant or combined pull 
of the two kites. The direction, @,, in which this pull is ex- 
erted, is obtained as follows: In the triangle of forces t, t’, 
—- let a be the angle included between the sides t’ and t,, 
then, 


sin. a = (6 — 6’) 
2 


From the diagram it is seen that, 
+a 

In assuming that the second kite pulls at an angle 6 and 
tension t at the point where it is attached to the main line 
we neglect, as we may without sensible error, the influence 
of the short connecting wire between the kite and main line. 

The combined action of the two kites is, by the above equa- 
tions, completely expressed in terms of the power of one kite. 
By a precisely similar process we may determine the effect of 
adding a third, a fourth, or any number of subordinate kites 
in tandem. As our object is to discover the best arrange- 
ment of kites in tandem it will suffice if we make compari- 
sons on the basis of two kites only, since if there is a gain or 
a loss with two kites, a similar result will obtain with three 
or more. 

Having attached a second kite to the line, let wire be un- 
reeled until the portion next the reel becomes horizontal. 

It seems scarcely necessary to say that under no circum- 
stances whatever should a second kite be attached that does 
not pull above the main line and thus tend to lift it. To at- 
tach a subordinate kite that pulls below the main line, and 
therefore drags it lower, would, obviously, be absurd if we aim 
to attain great elevations. 

The total elevation attained by the tandem of two kites 
is, from equations (23) and (10), 


H, =+ (1-27) 44 (1 — cos. + 


This equation can be transformed into the following: 
1—R+VW1+ Roos. (6— 6’) 


H,==4 — 00s. B+ cos. (0-6) | 


+ sin. & sin. (9 — 6’) 
Where R= cos. 6 + cos. 6’. 


Equation (30) expresses the maximum height that can be 
attained by two equal kites in terms depending upon the 
power of one of the kites and the point at which the second kite 
is attached to the main line. 

The answers to questions (1) and (2), propounded above, are 
reached from a consideration of equations (28) and (30), as 
follows: 

Best utilization of a given pull—Assume that the two kites 
are attached side by side on the end of the main line. In this 


case, 
6’ = 6,and R=1, 


(30) 


we.obtain from trigo- . 


whence the height becomes, 
(1008.8), 


which means that, thus arranged, the two kites attain twice 
the elevation of one alone, as should be the case. To show 
the effects of attaching the second kite lower and lower down 
upon the main line, we will compute the relative heights at- 
tained when the second kite is attached after the line has 

10°, 20°, 30°, and including the case where the second 
kite is not attached until the top kite has carried up all the 
wire it can sustain, in which case 6’=0. We will assume 
that the kites pull at an angle 6= 55°, and compute the 
elevations on the basis of the maximum height being 5,000 
feet. The results are: 


Feet Loss. 
Feet. 
Maximum effect, both kites at the top............ =5,000....... 
Second kite attached where the sag is 10°,0’ — 45° H,—4,960 40 
a @” =35° H,=4,850 150 
“ 30°, 67 = 25° H,= 4,690 310 
“ 5° H,=4,200 800 
“ 55°, = 0° H, — 4/040 960 


We find here that there is a continually increasing loss in 
the elevation attained when flying kites tandem, depending 
upon how much the line is permitted to sag before the second 
kite is attached. The best results correspond to the least sag 
of the wire between kites, and the maximum effect is obtained 
when 6’ = 6; but this may mean either of two things: (1) that 
the kites are placed side by side at the end of the line or (2) 
that innumerable kites are attached along the line so close to 
each other that the line does not sag between them; in other 
words, that every particle of the line is acted upon by its kite 
just as it is by gravity. From the properties of the catenary 
thus brought out it results that the maximum service can not 
be obtained by flying kites in tandem. There are, however, 
from other considerations, many marked advantages in tandem 
flying, which consist in the greater steadiness of pull thereby 
secured under actual conditions of variable winds and greater 
security against accident; also the facility of using a large or 
small amount of sustaining surface as required by conditions 
of wind force. A special advantage results from the more 
. equable distribution of the strain on the line, which other- 
wise, with a single kite, is a maximum at the top. In reel- 
ing in a long line of kites, it is an advantage to be able to 
lessen the opposing pull by the removal of one after another 
of the kites, rather than to have to wind them all in until the 
top end is reached, Notwithstanding such advantages, we 
must not lose sight of the marked superiority of one large 
kite at the end of the line when we aim to reach great eleva- 
tions. Perhaps more will be gained by the use of two, to 
secure ® more steady pull, than will be lost by virtue of the 
tandem arrangement, but these two kites are best placed 
near the top end of the line. 

In connection with equation (30) it is instructive to notice 
the result when 6= 90°. This is not attainable by kites but 
represents the case of captive balloons in perfectly still air, 
and upon the yo yore that the balloons pull with a con- 
stant force at all elevations. No matter what value 6’ ma 
have between 0° and 90°, the equation shows that two bal- 
loons in tandem will go twice as high as one, etc. Further- 
more, it will be found that equation (30) shows that less loss 
results in tandem arrangements the steeper the angle at 
which each kite pulls, that is, the greater the value of 6. 

While equation (30) was deduced for but two kites it 
answers perfectly for the analysis of the effects of any num- 
ber of kites, for having found the result of the combination 


of two kites this combination may be treated as one and 
combined with a third kite, ete. 
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Thus far our consideration of tandem flying has been con- 
fined wholly to the question, how much effect can be pro- 
duced by a certain pull, and we have found that the maxi- 
mum elevation is attained either by concentrating the pull 
wholly at the outer end of ‘the line) and this is the only fea- 
sible arrangement) or by acting with a portion of the ry upon 
each particle of the wire just as gravity acts to pull it down. 

Best utilization of a given line-—We will next consider the 
second question that arises in connection with tandems, 
namely, how to best employ a line of given strength to attain 
elevation. If we attach at the end of the given line a kite 
so large that its pull strains the line to its 4 working limit, 
a second kite can not be attached without danger to the line, 
except at some point well down upon the line, where, by rea- 
son of the diminution of the tension in the line correspond- 
ing to its deeper and deeper sag, the combined pull of the 
two kites will not exceed the safe working strength of the 
line. The second kite can not, in any case, pull as much as 
the first kite, but may be larger and larger the more and 
more the line is permitted to sag. Equation (28), inverted, 
tells us how much a kite it is pro to add, can pull with- 
out exceeding the strength of the line; ¢, in that equation 
becomes 7', the working tension that the line can sustain ; 
@ is the direction or inclination of the pull to the horizontal ; 
6’ is the inclination and ¢’ the tension of the wire at the point 
where the second kite is to be attached. The pull of the top 
kite has already been assumed to be 7'= the strength of the 
line, and if 6” is the inclination of this pull, then since 

cos. 6” 


we get, 
| v )—F, cos. |(31) 


Equation (31) shows that the second~kite can pull the 
hardest if it is attached where the main line has sagged 
down to the horizontal condition; that is, where 6’ =0; but 
we have already found that this is the opposite of the condi- 
tions that must be satisfied to attain high elevations. The 
final conclusions are plain, namely: (1) To utilize a given 
pull to the best advantage it must be concentrated at the end 
of the line; (2), to attain the maximum elevation with a line 
of a given strength every part of it must be subjected to the 
maximum strain that it can sustain. In other words, we 
must attach the largest kite the line can carry at the top end, 
and then little by little, as the line sags and the tension 
thereon diminishes, the tension must be increased up to the 
safe limit by additional kites. Equation (31) applies broadly 
to all cases, and is independent of the weight of the line per 
unit length, which means that we need consider only 7, the 
maximum safe working tension of the particular line that is 
employed, thus embracing the case where fine lines at the start 
are joined to stronger lines as the pull increases. 

wind-impressed catenary.—The special results brought 
out in the aay om application of the ee of the cate- 
nary to kite flying are not strictly the exact results that 
will be attained in practice, because we have neglected to in- 
clude the effect of the wind upon the wire, as we are forced 
to do by the limitation of our knowledge concerning its pres- 
sure upon long fine wires. It seems that some knowledge of 
this total effect might be gained by a comparison of the actual 
behavior of kites whose constants are fully known with those 
effects which our knowledge of the properties of the catenary 
show should result. The experimental work of the Weather 
Bureau has not as yet been carried sufficiently far to furnish 
data of this nature, but the matter has been carefully con- 
sidered from this standpoint with a view of deducing what 
may be called a correction for wind effect on the wire. 
he general nature of the action of the wind upon the wire, 
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and its effects in modifying the catenary may be shown in a 
more or less satisfactory manner, as follows: Let Fig. 79 rep- 
resent a catenary subjected to the action of thewind. Along 
the lower portions of the curve the wind effect is very slight, 
both because the inclination of the wire is small, and asa 
rule, the force of the wind near the ground is less than 
throughout the upper portions of the curve where the effect 
of the wind pressure upon the wire will be greater, both be- 
cause of the steeper inclination of the latter and the greater 
force of the wind. We @an not conceive that any appreciable 
friction arises in the flow of the wind over the wire, and as a 
result the wind pressure must be normal to the wire at every 
point. Let the pressure upon a small element of the wire at 
p be represented by the line oh a let p g represent the 
weight of the same element. The effect will then be the same 
as if the element in question were acted upon by a single 
force p r, which is the resultant or combined effect of the two 
forces of wind and gravity. Drawing in asimilar manner the 
resultant pressure at other pointsof the curve we see that the 
curve assumed by the wire must be one that results from the 
action of a nearly constant force, which tends to press the 
wire in a direction such as P R. If we consider only a por- 
tion of the catenary A B, such as might be involved in a par- 
tial ascension, we may plainly, with but little error, assume 
that the combined effects of wind and gravity act in the direc- 
tion P R. In such a case the resulting curve will be sensibiy 
the same as would result if we imagine that gravity alone 
acted, not in a vertical direction, but in the direction of the 
line P R. In other words, the general form of the curve will 
be given by the equations we have already deduced, if we im- 
agine the origin of coordinates to be shifted to a new position 
as 0’ Y’, O’ X’, which are parallel and perpendicular to the 
line P R. The tension, also, will be given approximately by 
those equations if we imagine w to be increased in proportion 
to the ratio of the lines pr to pg. 

A very simple way of experimentally studying the effects 
that result from shifting the origin of coordinates in the man- 
ner mentioned as applied to kites, consists in laying off on a 
drawing board an inclined line, A B, representing the angular 
elevation of the kite under consideration. Draw A B’, forming 
the angle 6’ with the horizontal, and representing the inclina- 


tion of the wire at the reel. Placing the drawing board on 
edge and | a small chain next its surface we may 
produce in a beautiful manner the curve of the catenary that 
shall make the angle 4’ at the reel, and we may locate its 
point of crossing the line at B. Fixing these points of the 
chain by pins or otherwise, it will be found that by raising one 
edge so that the board stands on its corner, thereby inclining 
the line A B at different angles in a vertical plane we cause 
important changes in the inclination of the chain at its fixed 
points. In order to restore the original inclination, preserv- 
ing still the same length of chain between the points A B, and 
the upper extremity of the chain upon the line A B, it will be 
found necessary to make the end B approach A as the line 
A B is made more and more nearly horizontal. These sugges- 
tions suffice to show a very simple method that has been em- 
ployed in several ways by the writer to study the wind affected 
catenary. 

Until the experimental observations have given accurate 
data concerning the magnitude of the wind effect, it will not 
be desirable to attempt to deduce equations representing the 
combined action of, wind and gravity. This interesting and 
important branch of the kite problem must be left for solution 
in the future. 

In this discussion of the theory and practice of flying kites 
for scientific purposes, the writer has aimed to show how the 
well known forces of nature act in producing the more im- 
portant effects commonly observed in kite flying and to point 
out those general and fundamental principles of physics 
and mechanics pertaining to kites, by the proper application 
of which principles we may expect to secure the maximum 
useful results according to the requirements of any particular 
case. The groundwork we have aimed to lay for this work is 
not as complete as we could wish, owing to the limited time 
available for the Weather Bureau kite experiments, but it is 
hoped to extend the work to more promising forms of kites 
than those that have thus far been employed. 

The Editor of the Revrew has shown a deep personal in- 
terest in both the kite experiments themselves and in the 
publication of this series of articles in the Review and the 
writer wishes to meee the benefits that have resulted 
from his careful revision of the manuscript and proof. 


NOTES BY THE EDITOR. 


THE ST. LOUIS TORNADO. 


The great tornado of May 27, 1896, at St. Louis will long 
continae to furnish material for interesting articles and 
reminiscences, and the Editor hopes to select from these 
such items as may be of value to pence & The follow- 
ing is extracted from an excellent article in the Occident, by 
Prof. E. 8. Holden, Director of the Lick Observatory. Profes- 
sor Holden’s remarks as to the forecasting of this tornado by 
the Weather Bureau are omitted, as these forecasts were dis- 
seminated much earlier and more widely than he was aware 


of. 


During the month of May I was in St. Louis and was an eye witness 
of the destruction caused by ad pr tornado of May 27. In former 
yam: 1881 to 1885, I was stationed at the Washburn Observatory of the 

niversity of Wisconsin (Madison), which lies in a region subject to 
tornadoes, and made it my business to study the causes and effects of 
these violent local storms so far as opportunity offered. 

On the afternoon of May 27 I was in Forest Park in St. Louis with 
one of my daughters, about 3 o’clock, and the aspect of the sky at once 
reminded both of us of the “‘ tornado-skies ”’ we had been used to see. 
The upper sky was covered with a faint veil of grayish clouds parted 
into lar shapes roughly rectangular and some four or five degrees 
onaside. Between these figures were darker lanes, of gray-blue color. 


All around the visible horizon, from north, through west, to south, 


there was a rim of b lurid sky. In the west, or a little north of 
west and also in the southwest, were two heavy, black, towering clouds, 
roughly rectangular in figure. The aspect of these clouds was carefull 
watched to see if they sent out fibrous, twisted offshoots denawird; 
and the brassy rim of sky next the horizon was examined to see if the 
color deepened toward green. 

Either of these signs would, so far as our ear e experience went, 
have indicated the coming of a veritable tornado. long as they 
were absent the indications were for a severe thunderstorm later in 
the evening. It was “‘ hurricane weather” and not “tornado weather ”’ 
at first. A little before 4 o’clock the sky looked decidedly more 
threatening and I decided to take my daughter to the Southern Hotel, 
which I knew to be one of the stoutest structures in the city. My 
rooms were on the eastern side, the safer side, which relieved the 
slight feeling of anxiety somewhat. 

* * * + * + * 

My own experience was sufficiently exciting. As I have said, our 
rooms were on the lee side of the hotel facing a street running north 
and south. Loaded wagons in the street below were blown off their 
wheels, and the horses thrown down. The heavy iron cornice of a tall 
building in course of construction was hurled to the street and de- 
stroyed; another building was set on fire by lightning which entered 
by the wires on the roof; the hotel chimney-stack was blown down 
causing a damage to glass, etc., of some $5,000 and wounding several 
etc. 

e wind first blew violently up the street (north) and after the 
center of the storm had passed it suddenly changed direction and blew 
south, and this change of direction made new wrecks. The winds in 
such a storm blow ly round, or toward the vortex, and when 
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their direction is suddenly reversed like this, one recognizes that at 


least the crisis is half over. I saw very little hail. The occurrence of 
a violent storm in a city Brome any number of strange a 
freaks, and the published accounts of it usually dwell on these com- 
ratively unmeaning details—freaks— which give no real idea even of 
e violence of the wind. . 
* * * * * 
I took the time to visit, personally, the ruined parts of the city. The 
chief damage was done, not by the direct force of the winds from out- 
side, but by the bursting of the houses from the inside. The baro- 


metric pressure in the vortex was very low. The pressure inside the | 
It was usually relieved by the burst- | 


houses was comparatively high. 
ing of the walls and windows. When these were uncommonly stron 
the roofs were lifted and, so soon as the pressure was equalized, drop 
down mi in their former positions. Whole blocks and squares 
were ruined i 

habitable. The trees in Lafayette Park were mostly overthrown. The 
leaves on those left standing were blown into tatters, so that only the 
midrib with ragged portions on each side were left. This instance will, 
I think, illustrate the force of the wind as well as any other. The gyra- 
tory forces were by no means so well marked in this storm as in others 
that I have studied. It was not a typical tornado, though it partook of 
the tornado character. 


Tornadoes are caused somewhat as follows: The atmosphere above 
a considerable region of country is in unstable equilibrium. The colder 


n this fashion, so that not one house in ten was even | 


and heavier air is above, the warmer below. 
region tornadoes may occur. Tornadoes are local effects caused b 

effort to establish a stable equilibrium quickly. They partake of the 
rotation of the large circular air movement, and revolve, as these do, 
in a direction counter clock-wise. Such rotations are produced in the 
large movements by the earth’s rotation, but tornadoes are too small 
to by the rotation of theearth. Their rotatory mo- 
tion is probably determined by that of the general mass of air of which 
they forma part. The centri 1 force of their rotation tends to pro- 
duce a vacuum in the center of the tornado. The surrounding air can 
not enter at the sides of the gyrating column; it therefore rushes in at 
the bottom and blows towards the center and upwards. In violent 
tornadoes the barometer may be about thfee inches below the normal. 
(At St. Louis it was about an inch lower.) The local tornado, thus in- 
ene pee 4 and summarily described, is usually less than three hun- 
dred yards wide, and the winds within it and around it blowa hundred 


Anywhere in this “no 
e 


or more miles per hour. The storm itself travels in the general direc- 


tion from 8.W. to N.E. seldem more than 40 or 50 miles per hour. 


Warning of such a storm can be given by building a telegraph line 
some 3 or 4 miles outside of a village around the dangerous quadrant 
(the south west quadrant). 

A little piece of apparatus, a rough pressure-guage, breaks the tele- 
—_ wire when the wind blows at a dangerous rate; and the breaking 
of the wire rings bells wherever one chooses to place them. An ar- 
rangement of this sort was in working order at the Washington Obser- 
vatory for several years, and could be placed so as to warn any small 


METEOROLOGIOAL TABLES. 
By A. J. Hexnr, Chief of Division of Records and Meteorological Data. 


Table I gives, for about 130 Weather Bureau stations 
making two observations daily and for about 20 others 
making only the 8 p. m. observation, the data ordinarily 
needed for climatological studies, viz, the monthly mean 
pressure, the monthly means and extremes of temperature, 
the average conditions as to moisture, cloudiness, movement 
of the wind, and the departures from normals in the case of 
pressure, temperature, and precipitation. 

Table II gives, for about 2,400 stations occupied by volun- 
tary observers, the extreme maximum and minimum temper- 
atures, the mean temperature deduced from the average of 
all the daily maxima and minima, or other readings, as indi- 
cated by the numeral following the name of the station; the 
total monthly precipitation, and the total depth in inches of 
any snow that og 4 have fallen. When the spaces in the 
snow column are left blank it indicates that no snow has 
fallen, but when it is possible that there may have been 
snow of which no record has been made, that fact is indi- 
cated by leaders, thus 

Table III gives, for about 30 Canadian stations, the mean 
pressure, mean temperature, total precipitation, prevailing 
wind, and the respective departures from normal values. 
Reports from Newfoundland and Bermuda are included in 
this table for convenience of tabulation. 

Table IV gives detailed observations at Honolulu, Repub- 
lic of Hawaii, by Curtis J. Lyons, meteorologist to the Gov- 
ernment Survey. 

Table V gives, for 26 stations, the mean hourly tempera- 
tures deduced from thermographs of the pattern described 
—_ oe = the Report of the Chief of the Weather Bureau, 

Table V1 gives, for 26 stations, the mean hourly pressures as 
automatically registered by Richard barographs, except for 
Washington, D. C., where Foreman’s barograph is in use. 
Both instruments are described in the Report of the Chief of 
the Weather Bureau, 1891-’92, pp. 26 and 30. 

Table VII gives, for about f stations, the arithmetical 
means of the hourly movements of the wind ending with the 
respective hours, as registered automatically by the Robinson 
anemometer, in conjunction with an electrical recording 


“eee Fe 


mechanism, described and illustrated in the Report of the 
Chief of the Weather Bureau, 1891-92, p. 19. 

Table VIII gives the danger points, the highest, lowest, and 
mean stages of water in the rivers at cities and towns on the 
principal rivers; also the distance of the station from the 
river mouth along the river channel. 

Table LX gives, for all stations that make observations at 
8 a.m.and 8 p. m., the four component directions and the 
resultant directions based on these two observations only and 
without considering the velocity of the wind. The total 
movement for the whole month, as read from the dial of the 
Robinson anemometer, is given for each station in Table I. 
By adding the four components for the stations comprised in 
any geographical division one may obtain the average resultant 
direction for that division. 

Table X gives the total number of stations in each State 
from which meteorological reports of any kind have been re- 
ceived, and the number of such stations reporting thunder- 
storms (T) and auroras (A) on each day of the current month. 

Table XI gives, for 38 stations, the percentages of hourly 
sunshine as derived from the automatic records made by two 
essentially different types of instruments, designated, respect- 
ively, the thermometric recorder and the photographic 
recorder. The kind of instrument used at each station is 
indicated in the table by the letter T or P in the column fol- 
lowing the name of the station. 

Table XII gives a record of the heaviest rainfalls for 
periods of five and ten minutes and one hour, as reported b 
regular stations of the Weather Bureau furnished with self- 


registering rain gauges. 
able XIII gives the record of excessive precipitation at all 
stations from which reports are received. 

Additional information concerning the tables will be found 


in the Review for January, 1895. 


NOTES EXPLANATORY OF THE OHARTS. 


Chart I—Tracks of centers of low pressure. The roman 
letters show number and order of centers of low areas. The 
figures within the circles show the days of the month; the 
letters a and p indicate, respectively, the 8 a. m. and 8 p. m., 


1896. 
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seventy-fifth meridian time, observations. The queries (?) 
on the tracks show that the centers could not be satisfactorily 
located. Within each circle is given the lowest barometric 
reading reported near the center. A blank indicates that no 
reports were available. A wavy line indicates the axis of a 
trough or long oval area of low pressure. 

Chart II.—Tracks of centers of high pressure. The roman 
letters show number and order of centers of high areas. The 
figures within the circles show the days of the-month; the 
letters a and p indicate, respectively, the 8 a. m. and 8 p. m., 
seventy-fifth meridian time, observations. The queries (?) 
on the tracks show that the centers could not be satisfactorily 
located. Within each circle is given the highest barometric 
reading reported near the center. A blank indicates that no 
reports were available. A wavy line indicates the axis of a 
silos of high pressure. 

Chart I1I.—Total precipitation. The scale of shades show- 


ing the depth of rainfall is given on the chart itself. For 
isolated stations the rainfall is given in inches and tenths, 
when appreciable; otherwise, a “trace” is indicated by a 
capital t and no rain at all, by 0.0. 

Chart IV.—Sea-level isobars, surface isotherms, and re- 
sultant winds. The wind directions on this Chart are the 
computed resultants of observations at 8 a.m. and 8 p, m., 
daily; the resultant duration is shown by figures attached 
to each arrow. The temperatures are the means of daily 
maxima and minima and are not reduced to sea level. The 
pressures are the means of 8 a. m. and 8 p. m. observations, 
daily, and correspond to Professor Hazen’s system of reduc- 
tion; the barometer is not reduced to standard gravity, but the 
necessary reduction for 30 inches of the mercurial barometer 
is shown by the marginal figures for each degree of latitude. 

Charts V, VI, VII, and VIII.—Kite Experiments at the 
Weather Bureau. 


| 


Humidity and precipi- 


Temperature of the air, in degrees | 
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Fahrenheit. 


TABLE I.—Clumatological data for Weather Bureau Stations, July, 1896. 
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Tasie II.—Meteorological record of voluntary and other cooperating observers, July, 1896. 


Precipita- 
tion. 


snow. 


Rain and melted 
snow. 


Minimum. 
snow. 


Rain and melted 


BESSEERE 


444 


Healing Springs t 
Home 


Wetumpka 
Alaska. 


- 


awe 


Fort Huachuca t 
Fort Mohavet.... 
Gilabend a**..... 


Holbrook . cess 


Monnt Huachuca +... 


. 


Oro Bianco ... 


St. “Helena Ranch +.. 


t. 
San Simons 


2 


Sm 
& 


20 20 40 
22822 


Walnut Grove +: 


Walnut Ranch*t! . 
Wells ....... 
hipple Barracks + 


Willeox ** 


Gaines Landing?. 
Helena 
Helena ?t........ ence 


Hot 


New Gascony ........... 
Newport @ 
Newport + 
Newport ct. 


Wiggs **.......-- 


Aflington 


— 


Barstowt.. 


CHICO 
Corning 
Craftonville ............ 
Crescent Ci 
Crescent City L. H....... 
Davisville d 
Delano *® 
Descanso *® 


Edgwood ........ 
Edmanton*! ....... 
Escondido ..... 
Fallbrook 


BER 


28 


a 


ot 


a 
S88 


2: 


ia—Cont’ 


Glen 


Guinda. 
Healdsburg * 
Hollister . 
Hueneme..... 


Hydesville +............- 


Kingsburg*® ............ 
Kono Tayee ............ 


MeMullin 
Mammoth Tank *°...... 


Manzana. 
Mare Island 


Merced **...... 
Middletown 
Mills College ......... Nea 


Milton 
M 


odesto ** 
Mohave*®......... 
Mokelumne Hill ** 
Monterey *® ..... 
Mountain Home.. 
Mount Fraziert.. 
Mount Glenwood*'.. 


N 
| Needles 
Nevada 


| Newhall **.......... 
Nordhoff ..... cove 
| Oaklanda....... 


Orangevalet ..........+. 


| Orland 


Ormonde 
Oroville d. 


Piedras Biancas 


Pilot 
Point Ano Nuevo L. H.. sae 


Point Arena L. H ....... 
Point Bonita L. H....... 
Point Conception L. 

Point Fermin L. H...... 


Point George L. H.......|.. 


Point Hueneme L. 


Point Lobos ............- 
Point Loma L. 


Point. Montara L. H..... 
Point Pinos L. H....... 
Point Reyes L. H. 
Point Sur L. H . 
Pomona (near). 
Poway **......- 
uincyt...... 
venna 
Redding dt..... 
Reedley (near) * 


and melted 
snow. 


Rain 


Towa 


228 


King 


“Sas: 


co 
8 8S 


a 
88 


: 

Deo: 


° Jury, 1896 | 
260 | 
Temperature. | Precipita- (Fahrenheit.) tion. 
Temperature. tt. tion. 
x | Ine. | 
Ashville *t 105 | | 90 | 
Birmingham f .......---+| 101 | | 95 | 
Blanchard Springst.....| 102| 58) | 
102 Ba | 80.2 Brinkley? 108) 57 | 
Dallas 103 | 56 | 
Maple Grove 9 | Keesees Ferryt..........| 58 
Newhbernt? | 54 4 Lime Point L. 0.01 
Oneonta + = 64 6 | Malvernt................| 110) 56 1000 40 0.00 . 
Mossville ...............| 9% | 50 
Pushmatahat...........| 108) 104 | BA | 
Scottsboro 100/ 58 | iia | | . 
104; 54 | 105 | 52/76 
105 Picayune t 108 | 60 
62 108 | 60 | ‘| @ 
Uniont dose 103 65 Pocahontast ............ 101 56 53 
Uniontown? ............. 102) | Russelivillet ...-......... 1028 61 
| Silver Springs t.........| 102 | 52 
Arizona Canal Co. Dam. 110 | - 
Bisbwet.... 98) 90 | jon | 88 
Buckeyet 108) 7 102 
Casa Grande**..........| 100) 7 y*5... ‘| 
Eagie Berkeley 2: 81 52 | | 62 
Farlers Compt.........-| 100 | 113 | 
Fort Apache.............| 96 40 Paso Roblesd ........... Si 
| | us| 10 
1 9 Caliente*? 100| 67 | 
| “os | Cape Mendocino L. H... | 108 | 46 | 74.4 
Pantano*® 7 90.4 | | 00 
118 60 | %.4 | 105 | 00 | 
112 89.3 | 63 | 00 | 
Phasntz 67 | 86.6 36 | 30 
= | 108 @2 | | 
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Temperature. Precipita- Temperature. Precipita- Precipita- 
(Fahrenheit.) tion. (Fahrenheit.) tion. tion. 
Be Se Be Ee Se 
° 
° © \Ins. Ins. ° bd Ins. | Ins. F lorida—Cont'd. Ins. | Ine. 
0.00 Of 28 60.9| 1.37 Macclenny 1 6.25 
Roseville (near) *5. 108 52 82.4 0.00 Holyoke a penkeces 2.08 Merritts Island + 2.43 
108 53 81.0| 0.17 60 | 76.4 | 3.28 19.97 
104 50 76.8 T. 48 | 67.8 | 3.42 Mullet Key 7.48 
78 45 | 60.5 0.00 45 | 69.0) 3.80 9.04 
120 84 101.2 0.18 60 | 77.0 |..... cesses 
San Bernardinot. 108 4976.8) T. 37 | 65.0| 0.73 Ocala*t!. 5.02 
San Jacintof..... 106 | 45/ 77.7) 0.07 34 | 54.3) 5.00 Orangepark .. 8.52 
ose 40 | 69.3) 0.01 59 | 79.8) 1.69 80.8 | 10.66 
San Leandro*' 87 59 66.38 0.04 Oxford *+! 80.4 4.40 
San Luis L. H........ 0.20 59 | 77.6 | 1.30 Plant Cityt 81.3 8.61 
San Mateo*?..... 59 | 69.6 0.00 35 | 69.6 | 3.06 Quincy t...... 87.8 | 10.40 
106 60 | 78.6 0.00 5472.8) 1.38 St. Francist........ 80.4 | 7.76 
7 5O | 64.0) 0.16 50 | 72.7| 1.58 St. Francis Barrac 80.0; 4.97 
62 78.8) 0.00 36 34.7) 3.60 Tallahassee t..... 79.6 | 10.51 
Santa Clara a*®......... 50 | 66.0 0.00 | Meekert........... 40 | 67.9| 3.56 Adairsville t 79.2| 6.16 
89 42 63.9 0.05 | Millbrook 87 87 | 64.0| 3.38 Alapaha ...... 102 82.8 | 7.34 
Santa Cruz L.H........+|..... 0.00 | Minneapolist ........... 104 58 78.4) 1.75 Albany t...... 101 82.2) 7.66 
Santa Maria............. 85 5O | 67.3) 0.11 | Montrose ...... 96 49 | 76.4) 0.48 Allentown t 108 84.2) 5.71 
Santa Monica ** 89 61 | 72.2 | 0.00 Moraine 82 38 | 3.88 Americus tT ........- 100 88.2; 9.29 
86 47 | 67.3 0.00 99 35 | 66.8 3.10 80.0 | 10.31 
% 53 | 73.6) 0.00 Paoniat . 1.41 Bainbridge 100 82.8) 7.96 
Saticoyt....... 0.17 Pinkbamton 88 41 | 65.4) 1.81 Blakely *t®.......... 96 70 8 | 12.52 
Shasta Springst........ 44 | 68.2) 0.10 35 | 57-5 | 4.13 Brunswick 80.8 | 4.29 
Sneddens Ranch........|......!.. Riverbend *® ....... . 64 | 79.0 |....... Camak ........ 81.2 | 10.63 
8. E. Farallone L.H....|...... coe 0.00 Rockyford 98 | 54) 75.2) 2.07 Cantont...... 7.97 
Stonford University .. 93 41 68.6) T. St. Cloud ¢........ 2.59 95 53 | 75.1 11.11 
100 50 | 75.2); T. San Luist..... o4 89 | 64.8| 3.16 Columbus 98 60 | 81.4 | 10.35 
Summerdalet..........- 89 48 | 69.2| 0.38 2.23 99 65 | 81.8 5.20 
Susanvillet 99 54 77.4 0.20 Smok 87 44 62.4 3.56 Covington 99 59 | 80.0 7.24 
Sutter Creek *® 102 42 T. Stamford *! 76 88 | 53.4 | 4.30 Dahlon 78.26 95 50 | 73.8) 8.08 
108 42 68.9 0.00 Sulphur 92 33 | 61.9) 2.33 Diamond t...... 93 49 | 74.8 | 11,31 
Tehama*®........... ill 72 90.5) 0.00 Surface Creekt ..... 42 | 69.2| 0.80 00s 65 | 82.0) 6.08 
0.00 102 49 | 72.2 | 2.08 Elberton 97 58 | 79.0) 7.46 
106 58 72.5 | 0.00 T. S. Ranch 93 51 | 73.8 | 0.85 Fleming ..........- 108 65 | 82.5 4.56 
0.00 Fort Gaines ....... ....+| 102 65 | 82.0! 9.94 
96 46 | 68.6) 0.15 pes noes 2.28 Gainesvillet.......... 100 54 78.6 | 10.61 
0.20 97 56 | 75.1) 1.18 Gilleville F 54 78.5) 7.62 
118 54 | 86.8) 0.14 Yuma......... 2.59 Griffin 62 | 81.2) 8.90 
114 44 0.06 Connecticut Hephaibaii* 68 | 82.3 6.75 
100 45 | 72.0| 0.02 Bridgeport ....... 72.2) 3.45 63 | 79.9 | 11.05 
108 47 | 77.1 T. Canton t 69.7 | 3.39 Lumpkin t 65 | 80.3) 8.21 
101 50 | 66.8 | 0.00 Colchester....... 70.8 | 2.45 Macon 64 | 82.1) 6.16 
109 60 | 79.6) T. 6.67 57 | 76.9 | 9.36 
82 43 | 64.4 | 0.20 Greenfield i Hill 4.10 Marshallvillet .......... 68 | 82.0 | 12.56 
Volcano Springs 124| 84 0.00 2.40 Milledgeville t .......... 62 | 80.6 | 7.69 
106 57 | 76.6 | 0.00 Hartford ..... 78.5 05 | 67 | 83.4) 2.44 
100 53 | 74.2) 0.01 009. 8.61 00 65 | 81.4) 4.55 
T. Middletown . 73.5 | 2.72 Newnant. 60 | 80.2 10.14 
Wheatlandt......... sooo) 999 52 80.6! 0.00 New London +. 70.9 | 3.64 Point Peter*'. 96; 78.3) 8.65 
107 63 | T. North Franklin ee 1.84 Poulant. 102 65 | 81.7 | 7.62 
104 68 | 88.5) 0.00 North Grosvenor Dale . 88 49 | 69.9; 2.18 uitman +... 69 | 81.6 | 12.04 
Wilmington*®........... 82 60 | 71.1 | 0.00 ° 5271.6) 4.71 mseyt... 9 58) 77.8 5.14 
107 60 | 88.7 0.30 Southington*!.... 56 | 72.0 3.23 Romet ....... 97 59 | 79.5 | 5.30 
Yrekat 104 45 74.5) 0.78 52 | 70.2} 3.22 Thomasville t .. 98 70 | 81.5 | 6.70 
104 66 | 83.4) T. Voluntown ¢ 90 47 | 3.89 Toccoat........ 96 56 | 78.1 | 13.10 
Quarters... 0.00 Wallingford ...... 2.89 Union Pointt... 59 | 78.0 | 10.10 
I $ peaks 0.00 Waterbury ......... 88 53 | 72.0; 3.16 Washingtont...........-| 98 60 | 79.4 | 11.94 
Grass 0.00 West Cornwallt..... ... 87| 69.0) 4.69 Waycross 100 | 68/| 82.6 | 10.81 
Holcomb Creek Windsor .......... 90 55 | 72.6) 3.18 West 98 64 | 82.1) 8.51 
0 00 58 | 76.2) 4.75 American Falls t........| 102 46 | 73.0) 0.79 
0.00 Milford 94 56 | 78.1) 38.80 Birch Creek .............| 100 42 | 72.8; 0.21 
Millsboro 92 531770) 6.59 98 43 | 68.0) 0.75 
Almat......... 73°| 82°) 52.2°| 2.87 Newark ...... 54 | 2.61 Boise Barrackst ........ 106; 76.3)! 0.10 
99 50 | 73.0!) 1.69 56 | 76.0) 7.50 Burnside +...............| 90 47 | 67.8 | 1.49 
Wilmington ¢............| 99 57 | 80.0) 3.03 Chesterfield t....... 87 81 | 63.1; 0.90 
81 82 | 56.6; 3.10 District of Columbia. Coeur d'Alene ...........| 100 
101 49 | 72.6 |...... Dist'ing Reservoir . 90 62 | 78.1 | 3.63 Corral *t!...... 55 | 65.4) 0.24 
98 89 | 60.4 |...... Receiving Reservoir* 92 63 | 78.0) 3.88 40 | 70.9| 0.58 
Canyont ....... % | 74.0) 2.95 West Washington........ 96 | 54 | 77.0| 3.93 Downeyt........ 89] 69.0) 0.47 
0.33 Florida. Fort Lemhit............| 96 41 | 70.8°) 1.85 
Castlerock t...... 94 | 43/| 67.2) 3.67 Ameliat 98} 70/80.8| 4.64 Fort Shermant..........| 101 43 | 70.9 | 0.82 
2.46 Archert . 98 68 | 81.6) 5.13 93 41 | 67.8 |....... 
Springs+ 88 50 | 68.4/ 38.10 Ot 70 | 80.2) 7.39 Grangeville ......... neve 48 | 70.5! 0.92 
101 53 | 75.0) 2.49 Brooksville t .. 93 70 | 80.6 | 11.39 Idaho Cityt...... 41; 70.1) 1.86 
ag 59 | 75.0 |...... Carrabelle+.. .........- 61 | 81.6) 4,28 2... 85 | 64.2/ 1.26 
1.50 Clermont t.......... 70 | 83.1) 6.17 Kootenai 43 | 69.8 |....... 
98 45 | 72.0| 2.13 pega coasts 101 69 | 83.5) 8.63 Lewiston @t 105*, 51¢| 77.8*| 0.16 
90 88 | 65.7 2.18 Emerson t.. 69 | 83.2 11.23 Lost 0.98 
88 47 | 69.3 1.30 Eustis ¢ 70 | 82.4| 6.79; || Martin?t........... nese 90 37 | 63.5) 0.40 
100 76.0) 2.96 Federal Pointt.. 96 67 | 80.5 6.90 Minkioka? 101 56 | 82.1 0.00 
1.29 Fort Meadet GR 11.89 Moscow 40 | 69.8) 0.17 
96 49 70.2; 3.05 04 69 | 79.0) 8.81 Murrayt... eee 41/ 67.9) 0.18 
Gainesville..............| 70 | 83.4) 4.96 Nam 10 | 45/| 79.4) 0.25 
84 49 66.5) 3.08 Grasmere t ....... 98 69 | 82.7 | 7.68 103 | 4 | 73.9) 0.60 
90 49 | 64.4 2.06 Kissimmeet+.............| 98 70 | 82.1 | 9.24 89) 64.8) 1.27 
Grand Junction 98 57 | 78.6) 0.48 Lake Butlert............ 668, 82.46 8.84 -| 107 +45 | 79.4) 0.44 
oF 47°| 70.2°| 4.82 e 73 | 82.4 | 10.87 Pollock t ..... 107 47 | 74.1) 0.81 
65.0) 4.07) Lemon Cityt 72 | 82.9) 3.35 OF | TRB 
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TaBLE record of ond 
Temperature. Precipita- 
Temperature. | Precipita- Temperature. | Precipita- 
| tion. (Fahrenbeit.) | ton. | 
daho—Cont’d o | o ine | | | Ina. | Ine | 
Salubriat 108 | 4 Walnut t = 
dior t “| Winnebagot 
"| 96 | 41 | 0.10 
52) | 54 | 6.68 | LOMAPS | 4-50 | 
Glearcreek a Kokomot gg 0.80 | 4 | +4 
Duquoin *!..- 100 62 gg 12.67 
Galvat 9.45 Rockvillet...--- $8) Silazs North MoGresor | | 198 
Greenville? 108 | 2.26 South 22 | | | 10.00 
Gri ~ 51 8.10 Summa . | | 10.31 
3 | | | 80 | 77.0 | 8.44 
$00 | “Ga | 86 | 76.8 | 47 | 72.2) 42 
Lexington “| 41 18 Tahlequah 105 | 63 | 85.8 3.95 
misville 55 | Towa. 9.06 
| 51 49 | 
4) 44) | 
“| 96 | | 7-8 
DAD 
Bonaparte? 100 49 | gas 
Carroll a7 | | 0.98 
Oregon Cedarfalls t | | B70 
Ottawa 95 52 | 
Charitom . 55 | 08 
Cresco t 9 | 
% 
andgrove ft 112 
| | 75.1 | 3.87 
Forest City 94 | | 6.38 
t Madison *t?....----| . . 
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TaBie II.—Meteorological record of voluntary and other cooperating observers—Continued. 
4 ; Temperature. | Precipita- Temperature. | Precipita- Temperature. | Precipita- 
(Pahrenhelt.) | tion. (Pahrenheit.) | tion. (Fahrenheit) | 
Ba 
Ki ° | Ins. | Ins. Kentucky—Con ° © | Ine. | Ins. Ma ° ° ° Ins. | Ine. 
Emporiat 96 60 77.9 3.75 Owentont..... 55 | 76.2) 8.41 Greatfalls*® ............ 68 | 77.7 | 2.9 
Englewoodt........ 102 59 80.1) 4.58 8.75 Furnace... 55 | 74.8! 4.88 
7.2 Paducah? + 61 | 82.2 3.51 Hagerstown t ........... 9% | 55/ 77.0) 6.08 
Eureka Rancht........- 102 56 78.4 1.81 Pleasure Ridge Par 77.3 | 9.58 57 | 76.4) 3.75 
Fort Riley t 58 76.9) 7.46 neetont.......... 58 | 80.6 | 2.76 Johns Hopkins Hospital 59 | 77.2|...... 
Frankfort .......... 101 60 80.0 8.66 Russellville t.. 58 | 78.6 5.32 Mardela Springst .. 57 | 77.2) 8.15 
Garden City.......-..... 3.35 St. Johut......... 55 76.4) 5.00 New Market.. 58 | 78.0| 38.87 
5.88 Sandyhook ¢ 5O |...... 10.89 Princess Anne...... 51 | 75.6 | 6.49 
74.9 2.86 Shelby Citys. 96 58 75.9 | 10.92 Sharpsburg.............. 52 75.1!) 4.16 
79.7 5.34 Shelbyvillet............ -| 99 54 | 77.8 | 12.32 Solomonst......-.-. 62 78.9) 4.51 
78.0 38.08 Southforkt?...... | 74.7 | 9.33 Sunnyside 40 | 68.0 | 15.27 
75.8 | 4.55 | Springfield t............. 9 | 54 | 75.4) 7.88 Taneytown.............. 9% | 53/76.8| 4.85 
| 78.3) 5.50 Vanceburgt............. 95 52 75.2) 5.70 Van Bibber............ 56 | 77.0| 2.45 
| 76.4) 4.73 87 | 76.6) 9.23 Western Port ........... 9 | 75.3) 7.60 
79.6 1.64 
770. 5.61 93 68 81.0 4.00 seve 4 | 71.2 |...... 
78.4 6.72 102, 61 83.6) 2,22 Amherst 89 | 70.9) 5.67 
81.4 6.47 100 82.4 5.46 Station d 91 50 71-38 4.96 
78.2) 2.24 104) 82.6 T. 47 | 68.2) 2.47 
82.2; 1.70 oo 9 66 826) 2.64 2.88 
7.1) 6.15 99 | 85.6) 7.76 Attleboro 1.73 
78.4) 5.06 || Cheneyville 9 823) 0.92 | Bedford 88 | 47 | 69.9 2.95 
4.92 | Clinton 100 68 82.6) 2.64 | Beverly Fa 90 | 67.5/ 3.52 
Lyons......... 105 60 81.3) 4.26 9 60 81.8) 3.36 Bluehi (summit) 89) 54 69.5) 3.56 
acksvillet........-... 102; +57 | 79.2) 7.42 D@VIB 102 53 82.2 T. | Bluehill (valley) .. 91 48 70.5) 2.78 
McPherson 9% 77.9)| 5.89 9% | 67 | 823) 1.17 i 2.07 
Manhattan >............. 101.57 78.6) 5.39 | Elm Halll 98 (80.4 0.50 | Brockton @.............-| 98 | 58 |71.6| 157 
Manhattanc............. | B14) 5.48 Emiliet......... 67 | 82.0 | 1.88 || Brocktom Ad 1.58 
Marion 103 58° 80.9 1.95 | Farmerville ............. 102 60 84.8 Brockton c....... 1.45 
1045S 78.2 | 2.53 Franklin 69 83.0| 4.64 | Cambridge ...........-| 98 | 51 | 72.4| 2.87 
Medicine Lodge t ....... | 106 60 | 80.6) 5.47 | Grand Coteau .......... % | 68 81.8) 4.62 Chestnut 72.6) 38.00 
Minneapolist ........... 100, 59 78.7) 6.06 || Hammond t.............+ 99/ 64/ 81.8! 4.92/ || Clinton............... 3.25 
96 59 78.0) 4.39 | 4,20 Colmeset wees 2.59 
Morland . 100 | 75.38) 3.02 | Jeanerettet ..-.......... 9 70 838.8 4.19 Dudley?! ...........+ 70.7) 5.10 
Mortont..... 106 | 81.2) 0.90 || Lafayette t.............. 99 67 | 82.4) 1.97 i East Templeton *!...... RN 57 | 70.2) 2.99 
| 62) 79.7| 6.01 | Lake Charlest 9 | 69/83.2) 4.92 Rock Nahant...... -| 8B] 67.2)....... 
Clty 105 | 58 | 80.5 | 4,22 || Lake Providence 104 69 86.6 | 0.00 | lriver ........ 90 59 71.8) 4.42 
New England Rancht..| 100'| 76.3'| 4.99 Lawrence .... 71 | 84.6) 1.40 Fitchburga@*!...........| 88 57 | 70.4| 2.57 
50 | 72.3 1.39 Liberty Hill .. 109 58 87.0 Fitchburg ..... 51 71.2/| 2.72 
Norwich. 100 5882.0 4.83 | Mansfield t.. 101 59 | 83.3 | 0.68 Framingham ...... 5O | 72.4) 2.14 
2.82 Maurepas .... 1.09 | 46 | 70.1! 38.04 
100, 55 | 78.4 | 5.86 Melvillet 7 64 82.4) 0.90 Hobbs Brook 2.12 
102, 57 | 78.4! 5.58 MUON 108 64 8.4 0.00 | Hyannis*t!....... 58 | 73.5) 4.35 
Oswegot ......... 57 | 81.2) 5.96 Monroet 101| 66 86.0) 0.00 Lake Cochituate ........ 48 | 72.1| 2.92 
Ottawat 57 | 76.1) 4.82 New Iberia..... 4.40 | Lawrence .........+. coool 52 | 73.2! 3.32 
Paola 100 53°677.8 4.00 Oakridge 109 0.40 || Leeds 99 48 70.8! 4.72 
Pleasant 56/| 75.8) 5.68 Opelousast...... 65 3.20 Leicester Hill............ 89| 69.8| 4.88 
Pleasant 102 57 | 78.6 | 3.51 100 58° 82.6 1.11 3.28 
97 76.7) 5.58 "Dealing 62 85.2) 0.66 || Long Plain*®............| 88 70.9) 4.38 
61 /77-7) 4.98) || Rayne 100, +68 83.1)| 3.58 | Lowell 89 | 72.0| 3.79 
Russell 102, 5478.4! 3.44 Ro 101; 59 1.13 Lowell d...... 92 52) 70.9)....... 
Salinat.........+. 100| 57 | 79.0) 6.16 Schrievert......... 98 | 82.4) 4.02 Lowell 58| 72.8 \....... 
Scott Cityt..... 99 | 57 | 75.8 3.07 Shellbeach .............. 96 72 83.4) 4.89 Ludlow Center .......... 88 46 | 67.38; 5.738 
Nt 100, 60 79.7) 4.54 Southern 94; 68 80.1) 3.66 Mansfield *! ......... 92) 5O| 71.0) 1.91 
Sharon aye 105°; 60°| 78.0°) 2.12 Sugar Ex. Stationt...... % 7 83.0)| 4.44 Middleboro.......... 89! 70.6) 2.01 
une t....... 99" 575) 77.25) 0.90 98 68 86.2 0.41 Milton ....... 90 49 | 69.2) 2.50 
Ulyssest.. 108 59') 81.6) 0.838 1.82 Monroe 87 41 | 65.7! 5.78 
Wakefield * -+| 100 62 | 78.8 | 10.95 | 84.0) 5.46 91 51 | 71.4) 4.85), 
Wallace**......... 102) 64/75.8) 4.48 82.2 1.72 Mount Nonotuck 4.62 
Wamego*!.......... ... 100| 60/| 78.6/| 5.98 1.78 4.70 
Wellin 6278.8 4.04 OB 0.95 2.45 
Winfield**.............. 60 | 81.4) 3.63 2.53 
Winona...... 2.50 48 66.2 6.05 88 50 70.9) 2.06 
Yates Centert..........| 5877.6) 5.71 85 50 66.9) 5.19 . 86 53 | 69.6 2.90 
. 90 52 69.5 | 4.20 N BO 50 | 71.0; 2.58 
Alpha t 57 | 77.9 | 10.25 9 47 72.2) 3.42 North 90| 47| 2.95 
Bardstown t............. % | 589 /|76.7) 5.48 89 42 66.9) 3.21 Pittsfield ....... 87] 70.8! 4.15 
Blandvillet .............| 9 | 86 |77.9| 4.11 9) 51 72.4) 3.75 5.10 
Bowling Green a*! 7 5673.8) 7.96 89° 40°) 64.4°) 4.85 Provincetown. .......... 87 64 | 70.1 /....... 
Bowling Greendt......., 8.21 Fort | 47 | 66.4) 4.05 uinapoxet ...... 4.78 
8.05 Gardiner ........+..... 93 52. 70.2) 3.18 oberts Dam.. 2.87 
54 | 75.0) 7.85 Kineot 85 49 66.3 4.02 Roxbury ...... 90 52 | 70.4, 2.60 
62 | 78.3 2.91 Lewis 9% 70.7/ 3.08 ce ae 2.78 
54 79.0! 5.06 Mayfield ....... 46 66.8) 6.07 merset*! ...... 2.74 
64 | 78.5 | 6.60 North Bridgton .........| 1 5O | 69.0) 3.54 South Clinton 4.88 
59 | 79.0) 5.06 Petit Menan*'..........| 78 | 50.0 |....... -| 51 71.4) 5.74 
57'| 77.4!) 8.27 Winslow -| 47 | 68.9) 3.46 Sterling .. .. 4.2% 
55 | 76.3) 6.12 M Taunton 98 | 72.2) 1.84 
6.35 Annapolis oe 93 65 | Taunton c..... 89 4 | 70.1 1,58 
Fords Ferryt 100 57 79.8 4.84 Bachmans Valley 95 5274.4 4.42 Taunton d........ 92; 72.2) 2.05 
Frankfortt.......... 54| 75.8! 10.28 Boettcherville* 9 73.4) 6.30 Turners Falls . 71.1) 3.44 
Franklin*t!.............| 96 65 | 77.7) 9.35 Cambridge t¢..... oe 93 58 Wakefield t ... 93 53 | 72.3) 2.88 
Georgetown ... OS 56 | 76.6 |...... Charlotte Hallt.. 55 77-0) 2.82 Waltham ...... 2.54 
Greendale*!..... 75.7) 9.06 Cherryfieldst? 76.4 | 8.56 Webster ..... 8.75 
Greensburg ¢ ............ 9 | 50 77.1| 9.32 Chestertown f........... 4.87 Westboro t .... 47/| 73.2) 2.41 
Harrods Creek ........ 5&6 77.0 | 12.85 College 924 514 74.14) 3.28 Williamstown * 8 | 70.9) 3.89 
Henderson t............. 100 60 | 80.1] 4.49 Cumberland a+.......... 92 74.0) 5.16 Winchendon ......... 840 
Hopkinsville f............| 97 | 50 | 782) 6.48 Cumberland }...........| 96, 54 76.0) 4.77 Winchester. 2.39 
Leitchfield t.......... OF 5378.0) 6.58 92 55 75.7 3.02 Worcester 89 71.9| 2.65 
Louisata 96) 77.0! 5.84 Dee 86) 40 | 67.6 | 13.65 Worcester’ .............| 88) 71.0! 3.54 
Marrowbonet . 57 77.4| 8.54 9 55 76.9 2.34 
Maysville? 47 | 75.2) 6.48 Failston*? 60 74.7) 4.38 4 | 71.8) 6.40 
Middlesborot...........| 9% | 68 | 75-5 | 10.27 45 74.0)| 4.74 92 | 45) 71-2) 8.49 
Sterlingt ...... --| 682) 74.3) 9.20 Frederick a@..............| 9% 58 76.1. 4.67 Alma..... 88) 70.0) 1.62 
‘ensborot.............. 96! 541 77.8! 6.75 Grantsville..............| 87! 44! 68.0! 10.17 Ann 9! 48/711! 64 
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Muskegon ..... 


North Manitou Isiand +10 


3 |* 3 3 
higan—Cont'd. ° ° Ina. | Ine. Cont'd ° ° ° Ine. ° ° ° Ins. 
Arbela......... | 42 71.2; 2.21 Bird Island......... 5O | 68.2) 2.60 61 88.0 2.39 
Bad Axe...... 42 68.1 | 1.05 Blooming Prairiet......| 44 | 69.4) 0.87 Port Gibson t.. 108 59 | 83.4 1.16 
Ball Mountain 88) 69.6) 4.61 9% 48 | 70.3) 1.14 Rosedale t).... 101 65 | 84.0) 1.22 
Baraga 42 | 66.5) 1.30 | 36 | 65.8 | 1.70 Stonington *! 102 70 | 84.0 
Battlecreek 95 50 | 72.6) 7.55 47 | 70.4) 243 Thorntont .. 99 65 | 84.7) 0.30 
Bay City @ oe 48 | 70.5) 2.10 Cambridget.............| 9 40 | 66.2) 0.38 Topton*!¢.. --| 98 70 | 82.4) 0.80 
Bay City 48 | 70.7 | 0.74 46 | 68.2 | 0.77 Un 64 | 81.2) 0.95 
Benton Harbor...... 46 71.0) 4.68 Clear Lake ......... 44 68.0/ 1.72 Water Valley*t'........| 107 60 | 81.7) 1.42 
os 51) 3.31 Collegeville .............| 9% 51 | 70.9 | 2.37 Waynesboroa.........-.| 108 61 | 81.7 | 2.80 
Berrien 45 | 71.6) 4.55 Crookston 46 | 67.6) 1.05 62 | 82.0) 3.52 
Big Rapids ...... 43 | 68.9) 1.06 Dawson *! 100°) 49) 68.9" 0.99 Williamsburg ...... 108 68 | 82.8 1.70 
Birmingham .......... 47/72.8) 6.05 Detroit City ............-| 9 | 69.2) 2.00 Windham ...... 105] 62 | 82.0) 3.29 
Bois Bianc **’...... 52 | 70.3 Faribault....... 70.2) 0.77 Woodvillet........2....| 82.2 > 5.18 
90 414) 66.9"| 2.06 Parmin, 44 | 69.3) 1.9 Yazoo Cityt......... 106 58 | 86.0) 0.59 
96 47 72.2) 7.30 Fergus Falist...........| 49 | 68.8 5.33 ‘Missouri. 
87 45 | 64.6) 1.76 Glenw 100 47 | 70.4) 1.90 7.98 
92 41 | 64.6) 1.30 Grand Meadow't ..... 46 | 70.6) 2.15 Arthur® £3, 3.15 
66.5) 1.97 Granite Falist ..... 45 | 68.6) 2.85 Bethany 96 6.74 
oR 43 | 72.9) 6.30 Lakesidet........... 46 | 69.38 3.00 Birchtree 100 2.42 
40 | 71.4) 5.04 Lake Winnibigoshish'..; 90* 50 66.4| 1.81 6.04 
95 43 70.5 | 2.20 Lambert t coos) 40 | 66.6 0.68 Boonvillet ... 5.42 
89 | 66.0 | + 1.19 Lawrence t 42 | 66.7) 1.50 Brunswick . 76.0) 7.27 
98 40 | 69.0 1.98 Leech Lake! 90°; 43) 66.4) 2.21 Carrolltont 77.6 | 5.57 
Grand Rapids }.......... 47/71.8| 3.66 Lesueur * .. 52/ 74.2) 0.50 Cedargap*!.. 77.6 | 1.91 
TOPO. 45 | 72.0) 4.74 Long Prairiet .... 95 42 68.1) 2.61 Conception ... 92 74.2) 5.95 
Grayling. 96 | 67.3) 1.06 47 | 69.1 | 1.90 Cowgill *®.... 100 79.0 | 7.22 
Hanover ........++ 44 | 70.2) 8.88 Mapleplain .............. 95 44/| 70.3) 0.75 Darksville ........ 99 77.0 |, 4.82 
Harrison 93 29 68.6) 1.99 Maplewood *'.......... -| & 57*| 71.0° DOWNING 14.98 
Harrisville | 46 66.0) 2.56 Mazeppa' ..... 98% 88/72.2/ 0.90 t Lynne 4.85 
| 60.1) 1.50 Milan?t.......... 43 | 68.2) 3.92 Edgehill ............. 5. 26 
Hastings RN 48 | 70.4) 5.52 Minneapolisat..........| 47 | 71.0) 1.78 Eightmile*!.............| 5.35 
Hayes ......... 45 | 70.8) 0.67 Minneapolis)! ..........| 45 69.8) 1.15 Eldon ®?! 9 6.68 
Hesperia ...... % | 38/71.2! 1.04 Minnesota City t........ 96 46 | 70.9} 1.18 Blmira .... 104 9.34 
Highland Station ....... 6.75 Montevideo t............. 45/69.0/ 2.62 Emma ......... 3.97 
Hol | 69.4 92 | 45 68.2) 2.06 Fairport 8.14 
70.7 | 7.23 Mount Iront............| 40 | 64.3 | 4.39 Farmersville 4.60 
89 1.82 New Richland *!¢....... 93 55 | 67.4 76.8 | 7.02 
69.0} 1.40 New Ulmt........ 98 50 |} 71.2) 0.83 7.90 
92 68.8 | 2.15 Park Rapidst ........ | 41 67.4/ 1.89 | Gallatin 75.2 | 8.62 
| 70.9°| 1.29 Pine River*'...... 54 | 67.6 | 2.46 Gayoso .. 78.1 3.68 
90 69.7 | 7.10 Pleasant Mounds t. 96 47 | 69.4) 1.30 | 76.4 | 3.89 
Pp 98 64.4 | Pokegama Falls’... 91*| 66.0) 2.39 Gordonville 75.1) 2.11 
Lewiston 66.2; 3.10 1.31 Gorin **..... 102 75.8 | 12.27 
Ludington *"........ 86 71.5 0.71 Grovedale 108 80.5 | 4.41 
Luzerne 1.39 62.0} 0.62 Halfway ... 96 77.0) 3.04 
Mackinaw City...... 65.7 | 2.34 St. Charlest............ 69.3 | 1.67 son 77.0 | 3.60 
Madison 72.2) 5.84 St. Cloud ........ Sescece 68.1 | 2.32 Hermannt 6.37 
Manistique 63.4) 2.94 St. 68.2) 3.58 Houston 100 76.4) 2. 
Mancelona 68.0) 1.26 Sandy Lake ...... 66.2 | 2.34 Houstonia 4. 
Mayville..... 70.7 | 1.98 Sauk Center............. 67.0; 1.70 ee 5. 
Middle Island *"........ 69.4 Shakopee® ..... 71.4 | 0.62 Tronton 99 76.3) 6. 
Midland .......-- +++» 0.86 64.8 4.20 Jefferson City t...... 79.0) 5. 
1| 7.40 Two Harborst ........ 68.3 | 3.27 100 76.0) 5. 
Mount Pleasant a....... 4/ 1.27 Wabasha*'.......... oe 70.3 | 0.98 Lamar ..... 78.8) 5. 
Mount Pleasant d....... 5/ 1.15 Willmar 68.6 | 0.97 L@MONLE 5. 
3.47 71.5) 1.88 96 5. 
2 3.56 5. 
North Marshal! 4 7. 
orthport ........ 9. 
Old Mission... 2. 
Olivet ,........ 2. 


Port Austin.......... cose 


Three Rivers............ 
Thunder Bay Island* 


Alexandriat ............ 

Belleplaine*'............ 
Bormidjit 
Bingham Lake........... 


2 


wn 
| Lonisvillet........... 


32 


8! 


3888: 


2328 


Worthington ............ 


Canton ¢....... 
Columbus? ............. 


Fultont ....... 
Greenville dt .... 


Jackson t........ 
Kosciusko ......... 


Laket .. 
Leakesvillet ............ 


Natohes 
Okolona....... 
Palo 


Pre 


xz 
i 
885: saa: : 


Marbiehill .... .......... 
Marceline ....... 


New Madrid ............. 
New Palestine * t'...... 
Oakfield 


8 
= 


Rolla ..... cece 


St. Charles 
St. Joseph 
Sarcoxie 100 
Shelbina 
Steff 
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3223 
Ohoe 
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Temperature. Precipita- Temperature. Precipita- Temperature. | Precipita- 
(Fahbrenheit.) | | (Fahrenheit.) tion. (Fahrenheit.) tion. 
«(| 
Ine. 
| 
| 
| 
| 
| 
Bay St. Louist...........| 68 50 
Petoskey ...... ......... 44 | | 51 
| 42] 105 | 5B} 
Rogers City.............. | | 101 
Sandbeach a............. 6 Fayettet ..............-.| 100 
SQPADAC ...... 3 | | French Campst.........| 104 
Somerset ................ 104 
Thornville...............| 4 Hazlehurst ..............| 101 
Holly Springs t.......... 102 98 60 | 
Itta 100 Phillipsburg *t'....--... 61 
alley Center........... 108 | Platte River ®*.......... 101; 61) 
Minnesota. hineland ..... ....... | 
| Magnoliat.. 105 | 54 | 76.8 
| | Moss céccces | 
| 100 | 108 
é 
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Temperature. | Precipita- Temperature. | Previpita- Temperature. | Precipita- 
« (Fahrenheit.) tion. (Fahrenheit.) tion. (Fahrenheit.) tion. 
3 3 3 
i a8 3° | i ge 
4 $ 
° 
t’d ° ° ° Ins. | Ins Nebraska—Cont’d ° ° ° Ins. | Ins. |) Nevada—Cont'd. ° ° ° Ins. | Ine. 
102 5477.2) 5.89 4.60 Cranes Ranch. .28 
7 51 | 75.6 | 9.90 5.00000 1.70 102 54 | 78.1 0.20 
Trenton 97 | 4.17 | 95| 36 | 66.6 | 0.79 
Unionville 09 51 | 74.6 | 9.04 | Harvard*!....... 58 | 75.1; 3.19 -| 101 42 70.8 | 0.15 
4.94 | Hastings 96 54 | 74.4) 3.50 Golconda *!........ 102 58 | 76.4) 0.00 
Warrenton ........+. «+. 96 77.4) 3.85 | Hays Center t 2.12 105 47 | 71.0; 0.14 
5.09 Springst............) 101 5171.7) 1.64 Hawthorne a*®........ 7 62 | 78.0 | 0,82 
Willow Springs ..... 108 | 52) 77.4) 2.64 | 9% | 55 | 74.2) 4.63 | Hawthorne 100} 48 70.2/ 0.82 
104 | 56 83.4) 3.13 Hickman ........... 4.67 | Hot Springs*! .......... 103; 60 76.6 |....... 
Montana. | Holdregea ..... 8.12 | Humboldt *!........ 6676.8) T. 
Agricultural College....| 41 | 66.0 | 0.92 Holdrege 100| 56 | 76.1} 3.10 | Knickerbocker Mill...... 92 | 45 68.9) 2.44 
38 | 66.5 1.60 53 74.5) 3.15 | Los Vegas.......... 96 56 78.6 0.61 
1,37 | Lewers Ranch........... 95 42 | 69.5 | 0.58 
101 48 | 74.2)| 0.81 59 | 75.1) 1.68 | Lovelock *! 105 70 | 82.6 0.12 
92 | 43 66.6) 1.15 98 | 60/| 77.3) 3.49 | Mill City®?......... ....| 105| 77.0) 0.80 
90 | 42) 65.2) 1.19 108 | 55 75.2)| 4.89 | 9 | 47 72.2) 0.75 
102 73.2) 1.11 97 51 | 72-8 | 2.48 Palisade *!......... 105 51 80.0! 0.00 
99 | 67.0| 1.67 100; 52/ 71.7) 3.08 | Palmetto % | 36 | 67.5 | 2.87 
Cokedalet ! ............-| 39 | 65.3 | 0.82 | ase 4 | 72.2) 2.27 Reno 102 55 74.7 1.00 
Columbia Fallst ........ 99"; 71.64| 0.51 | Lincolna........ ooo]. 57 | 74.4) 5.68 | Reno State University ..| 99 39 | 70.8 1.08 
36 | 62.6) 1.15 Lincoln d 53 | 75.0) 5.33 | Saint 9 48 | 71.5! 0.52 
Fort Custert ..........- 1 39 | 74.2 | 4.95 97 58 | 75.0) 3.76 Saint Thomas ..... 112 55 | 88.9 | 0.25 
Fort Keoght ............ 100 40 | 73.0); 0.81 98 52 71.4) 3.01 San Antonio....... 108 43 | 78.2 | 2.20 
Fort Logant ........ 91 34 | 63.8 | 2.90 Loupd*!....... 100 5673.7 3.86 Sodaville ...... 105 47 | 75.8 | 0.91 
Fort Missoula...... 42 | 67.6 | 0.58 Lynch 100 55 | 78.0) 4.76 Stofiel ........ 34°) 65.8*, 1.10 
102; 386/ 72.0) 1.13 6.62090 101 8.98 Sunnyside 20 | 65.0) 1.71 
Glendive 103 50 | 72.8!) 1.53 eCook *!...... 99 62 | 80.8 0.83 105 67 | 76.2 |....... 
Greatfalls t.............- 100 71.0) 0.65 --| 3.9 To0anod*! 100 55 | 72.3) 0.58 
990 42 | 67.8 0.73 Madison®!............... 99 50 | 70.6 | 3.15 108 42 | 69.5 2.10 
os 95 32 | 62.6; 1.88; T Madrid 100 58 | 77-3 0.90 105 55 71.9) 1.11 
Lewistown t. 33 | 65.3 | 2.06 5.29 Wadsworth *!...........| 104 60 | 76.0) 2.04 
Libby? ....... 109 37 | 69.2) 0.09 92 60 | 76.6) 7.85 Wells ....... 44 70.0; 0.10 
Livingston t ! 96 46 | 71.8 | 0.59 Mindena*!..... 56 | 73.4) 3.54 
Manhattant.. 40 | 67.8 | 0.45 3.53 71.8 3.05 
Marysvillet........ 30 | 65.6 | 1.23 | Nebraska Cityd*! 96 60 | 76.2 | 5.42 68.0) 6.01 
Musselshell t ............ 111 TAS | Nemaha*!........ 99 63 | 78.3) 6.71 71.2; 3.17 
8 87 | 70.2) 1.22 102 50 | 72.0| 4.02 70.2 | 3.10 
Radersburg t....... Norfolkt .......... -| 51 | 71.38] 5.65 70.2 2.86 
Bt. Pawls 0.000 40 | 68.6 | 0.07 Norman ........ 109 52 | 75.0, 2.98 68.4 2.34 
> cvccces 99 37 | 68.8 1.05 North Loup t......... 98 53 | 73.8 | 4.32 70.0 | 3.23 
101 40 | 66.4) T. 99 48 | 72.1) 6.17 68.9 | 3.09 
92 44 | 1.19 96 50 | 70.6 3.85 69.1 | 4.88 
White Sulphur Springst) 97/ 35/ 64.0| 1.62 101| 50 | 74.6! 2.67 71.9 | 2.52 
Wibaux 101 40 | 67.4) 1.75 Osceola ee 5.13 70.1 | 3.71 
98 38 | 67.0) 1.81 0.78 68.2 | 2.75 
Palmera*!...... 56 | 74.0) 2.50 72.2 | 3.27 
54 | 73.0) 6.33 06000 3.12 68.8 | 2.92 
3.77 Ravenna W | 75.2) 5.87 68.0 | 3.41 
oo oo | OD 68.5 | 5.95 
Arapaho *!.......... 60 | 76.2 | 1.65 80.9) 5.70) || Weirs 3.41 
Arborville*! 98 53 | 74.4) 4.77 76.8 | 4.72 65.2 | 4.34 
Arcadia ..... ...... 108 62 | 75.3) 2.11 2.72 
Ashland at. .... 54 | 74.6) 5.56 77.0 | 3.95 
102 56 | 75.3 | 2.53 78.9 | 6.76 51 | %.2|....... 
Auburn *t!.............- 104 56 76.6) 4.45 74.9 | 3.97 57 | 73.1) 4.25 
100 48 | 72.0'| 2.79 6.11 58 | 76.2) 5.84 
Beatrice 75.3 | 7.52 | 75.2) 4.84 94 51 | 73.4 | 18.29 
Beaver Cityt............| 57 | 75.6 | 3.28 96 60 | 77.2) 4.13 95 5577.2) 38.65 e 
Benkelman*! ...........| 102 68 | 80.4 0.62 102 49 | 73.1) 38.41 66 | 78.6 | 2.76 
6.25 Stanton 95 55 | 72.0/| 6.76 92 5O | 72.6 | 10.25 
Bluehill*'...... 76.5 | 3.18 52 | 71.9) 4.29 95 53 | 73.6) 5.40 
Brokenbow *! 77.8 | 2.78 79.6) 2.91 92 58 | 76.2) 2.45 
Burchard 7.50 Cape May 90 60 | 74.6) 6.55 
Burwell *' 73.9 | 3.77 5.90 Cape May C. H.t........ 60 | 75.4) 5.55 
Callawa 71.3 | 1.98 77.2) 5.06 Charlotteburg...........| 89 47 | 70.0 | 5.77 
Central 80.4 | 3.20 73.1) 5.77 Chester ..... 86 51 | 6.39 
ster *! 6.64 College Farm .......... 92; 583 4.37 
Columbus t 73.2 | 4.12 75.5 | 4.58 Deckertown.......... 90 52 | 74.3) 7.75 
79.2 | 3.84 72.6 6.51 DOVER 98 51 | 73.5) 4.59 
Cornlea 4.20 72.1 | 6.60 Eee Harbor City 93 52 | 75.4) 4.66 
Creighton t ..............| 102 50 | 73.5 | 5.27 74.5 | 4.78 Elizabeth t 56 | 75.6 5.26 
Crete ..... 93 56 | 74.4) 8.21 71.8) Englewood ....... 93 53.1 73.7) 4.00 
Culbertson 0.58 6.14 Franklin Furnace 89 49 | 72.2) 8.06 
Curtis @t 100 58 | 78.0 | 3.89 Wallace*!......... 100 6077.3) 6.06 Freehold ......... 89 56 74.4 «25.15 
David City *t*.......... % 57 | 72.6 | 6.90 Weeping Water*!.......| 52 71.6) 5.75 4.68 
Divide ........ 2.12 Whitman..... 3.46 Gillette ..... 50 | 72.0 | 7.70 
62 | 73.3 | 3.08 Wilber *! 58 | 74.8) 9.39 54 | 73.0 | 6.06 
60 | 78.0 | 2.90 Wilsonville *!...........| 104 64 79.3) 1.62 Hightstown 56 76.5) 5.36 
6.02 59 76.8 3.71 Lambertville ........... 96 52 | 76.7 5.02 
58 | 76.1 2.78 Nevada. 95 55 | 75.4!) 5.00 
53 | 75.1 | 4.48 98 83 69.2) 0.85 Millville 98] 77.6) 5.42 
48 | 73.0 | 0.80 Battle Mountain *!......| 102 58 73.2) 0.00 Moorestown ............| 57 | 77.2) 3.12 
72.1°| 7.04 108 39 | 67.4 2.48 Newark a..... 88 60 | 76.2 8.68 
54 75.4) 1.98 108 60 | 77.1 | 0.90 Newark dt ..... 59 | 75.6 | 10.28 
51 | 75.1 | 1.90 Candelaria .... 49 74.2) 1.08 New Brunswicka.......| 96 8677.2) 4.51 
74.8) 3.65 Carlin 104) 45 67.5 0.25 New Brunswickd.......| 4.87 
55 | 75.9 | 2.39 Carson City..... 42 60.3 0.68 Ocean City 91 60 | 73.8) 3.97 
52 | 74.0 | 3.67 Cloverdale *!... ........| 94| 0.60 O41 77-1) 6.31 
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TABLE 11.—Meteorological record of voluntary and other cooperating observers—Continued. 
Temperature. precipita- Temperature. Precipita- Temperature. Precipita- 
(Fabrenheit.) tion. (Fahrenheit.) tion. (Fabrenheit.) tion. 4 
3 % 3 
a a 3 a 3 
New Jersey—Cont'd. | New York—Cont'd. | Ins. North Carolina—Cont’a. o | o | © | ms, | Ins. 
Paterson | | 74-6 Lockport Spring | 63 | 737 3.40 
55 | 74-9 dison Barracks *t----- 87 49 Waynesyillet 87 47 | 70.8 | 12.05 
see | 7 Weldont 9 63 | 80.0 9.02 
Readington 94 66 | 78.9 a7 | 58 Wilkesboro t | 52| 74.4) 985 
Rivervale | 72.5 & 96 | 62 | 78-6 7.42 
Somerville % | Si | 76.1 5 Amenia g7'|  45'| 68-3" 0.82 
South Orange | 55 | 74.0) Ashley? 100 
‘Tome River North Hammon Buxton... 9 | 4 | 6-1 1.71 
Tremtom 2 Humber Fourt 85 | Churehs Ferry 402) 42 | &%.2 0.77 
38 1 | Ogdensbare -- | Goalharbort too | 40 | 67.6) 1.27 
Woodbine 50 Qneomts 93 | 102 | 1.55 
Albuquerque t 58 92 | Falconer 106 36 | 68.2 1.48 
Ailmat 6 70 Perry 93 | Fargot 95 40 0.91 
Bernalillo oF Plattsburg Barracks} % Fort Berthold 101 1.60 
99 Port Je 89 | |, Fort 105 44 | 1.76 
Potsdam 88 Gallatin 100 40 | 2.41 
Clayton % Poughkeepsie 91 Graftont 96 87 | 0.90 
Deming ** oR jdgeway Grand 40 1.27 
East Lasvegas | | 46 | 70-2 | Jamestownt 49 | 2.49 
Bay one | | 71.5 40" | 1.08 
Espanola t 93 | | 40 | 66.8 Me inney | 1.41 
Fort 90 | 41 | 0.98 
Fort Wingate 56 | 72.8 | Milton 42 | 1.75 
Galisteo 100 | | Mintot 103 43 | 0.47 
Gallinas Spring | Skaneateles | | Napoleon t 41 1.3 
100 | South Canisteo 88 41 | 67.4 | New England City t----- 100 42 1.90 
77 South Kortright t ------- 91 42 | 68.0 \| 104 41 
Los Lamas VictOT 45'| 72.9" Sheyenne.--- 400 | 39 
Lower Penascot | Wappingers Falls 4 | 103 42 
98 | Warwick 93 | 40 
Puerto de 100 Wedgwood 
San Marclal t 98 | Worth Carolina. | 
94 | Beaufort 91 67 
Spring Biltmore o| #8 
White Oaks 90 Chapelhill 99 | 
Winsors Ranch. Edenton t | 
New York. Experimental Farm.-.-| | 
ao | 47 | Falkland @ | 80.0 
‘Alfred 46 | Flatrock 90 45 72.5-| 
Angelica aoc, 42 100 64 | 81.0 | 
Appleton 48 Greensborot 62 | 77.2 | 
AVOD 46 100 64 
Big Sandy BS Jacksonville t--- 65 adensbuUre 45 \ 71. 
Binghat @ 93 0 Jefferson 49 | 72.7 
Bloomville 42 6 Lenoir ®t! 91 
Brooklyp 91 58 | 75.5 | @B 
Charlotte B4 | 68-0 Monroe 95 61 
Cooperstown | 67.8 Mountairyt 93 55 
Demeter | 6 oa | 90.6) 
Bika Park a 96 64 | 2 
Blmira 49 Ralelg 101 68 | 18 
Fleming 46 Rock nghamt 102 64 13 
Friendship go salem 99 52 1.0 
Honeymead Brook..---- xo 100 | 8.90 
Hamphrey 85 Gkyukae 52 6.85 
Soapstone Mount t.----- 98 | 5-89 
Kings Station southern Pines 101 60 11.68 
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TaBLe II.—Meteorological record of voluntary and other cooperating observers—Continued. 
Temperature. Precipita- — Temperature. Precipita- Temperature. | Precipita- 
(Fahrenheit.) tion. (Fahrenheit.) tion. (Fahrenheit.) t 
3 3 z 
3 12 
3 
Ohio—Cont'd. ° ° © | Ins. | Ins. Oklahoma—Cont’d. ° ° © | Ins. | Ine. Pennsylvania—Cont'd. | ° ° ° Ine, | ane. 
Greenhill .......... 44/710) 6.47 Mangumt 102; 60 81.1) 4.97 Emporium 87 4 | 69.7} 5.11 
89) 50 71.8) 9.11 | 107 | 62 | 84.8) 2.12 Farrandsville 5.68 
% 58 74.1 | 10.27 | 101} 60| 82.1] 8.49 Forksof Neshaminy*!..| 89°, 644 76.1*| 4.62 
96 51 | 70.2 7-20 i Pondecreek t.......... ‘| 107 |" 59 81.4) 5.69 Frederick 7.74 
OF 4272.0) 5.41 | Prudencet .........--.. 108 60 | 81.8) 5.77 P 7.79 
92 45 | 70.0, 6.88 | Sacand FoxAgencyt... 108 56 | 80.1 | 2.50 Girard ville 11.30 
48 | 76.6 5.14 | 80.0; 5.85 | Grampian ............ 90) 71.6) 8.83 
89| 4.57 | Winnviewt....... 108/61 | 81.4 6.14 || Greensboro? 12.72 
93 | 75.0 | 7.07 Woodwardt............. 105 | 70 | 86.0| 1.70 | 93" 6.00 
52/74.8 4.75 | | Hollidaysburg. ........ 94 | 46 72.0) 7.10 
94 48 | 73.6 7.30 | Albany 101 45 | 70.2 | 0.00 Huntingdon at...... 47 | 72.6 | 4.68 
89 4671.1) 9.18 | Arlingtont...... 55 79.5 | 0.08 Huntingdom d...... 3.60 
92 | 48 | 72.5 | 10.12 Ashland d..... | 108} 43 73.0) 0.39 94) 50! 73.2) 8.45 | 
% 4 74.7 7.32 | Bandon....... | 68 42 59.2 0.00 | Kennett Square......... 54 75.2) 4.44 
9, 69.8 6.73 Bay City 83 47 | 68.2) 000 | Lancaster" 4 1 
| 9.94 ulah ...... | 100 40 | 71.5) 0.10 Lansdale ... 
48| 72.8 8.52 | Brownsville * | 100) 58 | 75.4) 0.00 Lebanon... 6.38 
48 74.0 8.89 Burns ........ 9% | 38) 70.5! 0.60 5.84 
| 9-33 | Cascade Loe 94 | 5&2) 71.7) 0.00 || Lewisburg..... 
50 | 73.6 7.77 Comstock ** 9 | 69.4) 0.00 Lock Haven at 5.75 | 
46 | 73.2) 9.18 Corvallis a.. 99 | 41 67.7) 0.00 ip? 5.16 | 
45 71.6 8.46 Dayville t... 101 45 | 72.4) 0.70 LOOK 12.35 
43 | 71.6 7.77 Detroit t.... 99 | 40 | 69.4| 0.00 . | Welppus 12.4 | 
50 76.2 | 8.48 | Eugenet 47 | 69.7| 0.29 Mifflin ....... 6.10 | 
| Fifet....... se 37°) 66.8°) 0.30 Oil City? ...... 6.69 
45 | 71.8 | 10.62 Fort Klamath.... ...... 92| 32 63.6! 0.01 9.69 
7 72.4 7.71 | Gardiner ......... 51 | 64.2 | 0.00 | Parkert 6.99 
11.48 Glenora 40 | 68:8 | 0:00 Philadelphia 5... 3.21 
89 49 71.4 | 11.28 | Grants Pass at..... 43 | 73.4 0.00 Point Pleasant .......... 7.12 
New Berlin.............. 47/| 71.8) 7.42 Happy Valley........... 98| 36 67.1) 0.20 | Pottstown............ 6.30 
New Bremen ............ 9% 78.2) 7.98 River (near) ......| 54 | 72.1) 0.00 uakertown ..........++ 8.20 
New Comerstown ....... 46 | 72.2 9.77 9% 41) 66.8) 0.00 3.92 | 
New Holland............ - 8 74.8) 5.71 Jacksonville ............ 48) 73.2) 0.00 5.17 | 
New Moscow........ cfeceses | 10.94 | 94 | 43) 67.4) 0.75 | Ridgwayt...... 7.49 | 
‘ New Paris. .............. 73.0 5.33 | Junction City**......... 99; 51) 71.5) 0.00 | Saegerstown ............ 5.48 
New Waterford .........|...-.. | 8.11 Lafayette**......... 105| 54/ 74.5) 0.00 | St. Marys!............. 6.36 
North Lewisburg........ 9% 47 | 74.0) 14. 15 || Lakeview .......+. 102 44 70.7) 0.50 || Salem Corners......... 5.08 
North Royalton......... 9% 51 /72.6 6.53 | Langlois ..... 8 | 48 67.0} 0.00 |] Scrantom 4.81 
Norwalk ...... ...... OF | 71.2) 7-26 | Lorella .......... | 101] 39 73.9) 0.00 || Seisholtzville 10. 86 
46 | 72.6 | 7.35 | MeMinnville at ......... 103 45 | 70.2 0.00 || Selinsgrove ......... 47 | 71.8)| 6.36 
Ohio State University.... 9% | 47 73.2) 7.90 || Merlin ®® 108; 58 | 78.6| 0.00 || Shawmont .............- 2. 26 
Orangeville ............. 92) 441 71.2) 3.60 | Monmouth *8............ 1 60 | 76.0 | 0.40 Shinglehouse........ cose] 40) 67.0| 6.14 
Ottawa ...... 6 47 74.4) 7.88 Mount Angel t.......... 106 | 48 72.5 Sinnamahoning 7.23 
Pataskalat........... O88) 45) 72.7 | 11.88 , Nehalem ..... 0.00 || Smethport......@........| 88) 68.1 | 7.19 
Peoli......... % 4 | 74.0 8. 68 Newberg 43 69.5) 0.00 | Smiths 7.21 
6.15 | Newbridge .......-......| 107 49 | 76.8 | 0.02 Somerset 87 45 | 67.7 | 10.55 
93 48 73.2) 9.02 Pendleton ......... Saves 42 | 75.8 | 0.17 South Bethleham *!..../ 91 64 | 77.2 |.... 
Plattsburg .............. 91, 47 | 73.4) 10.30 Riddles **...............| 110) 50) 70.2; 0.00 || South Eaton ,........ 88) 4.4 
Pomeroy 100 | 51 | 75.7 | 9.47 Salem dt. ...... 97 42 | 69.6 | 0.00 || State College........ coos] 50 71.1)| 5.56 
Portsmouth 00 77.1) «7.28 Sheridan **..............| 96 58 | 72.4 ]...... || Towanda........ 71.8) 4.87 
6.0 Silver Lake *............| 100 36 | 66.6) 0.18 | Uniontown...... os 91 56 | 73.0 | 15.59 
92 45 | 72.0 | 10.75 Silverton .............| 58 | 67.6 | 0.00 Warrent...... o« 87 46 | 68.6) 6.38 
93 | 653 75.0)| 7.79 Siskiyou *®..............| 658 0.00 3.56 
92 40 | 68.8) 8.70 parta ...... 4 | 70.2) 0.68 Wellsboro * t!..........- 42 | 66.4) 5.67 
97 48 | 73.2) 6.90 Springfield ** .......... 95 57 | 73.5 0.00 West Chester............ 5875.4) 3.54 
91 47 | 72.3 8.90 afford ..... 99 45 | 70.0 ?. West Newton t...... 11.46 
91 50 | 75.1 | 7.04 The Dallest.............| 104 56 | 76.8 T. White Haven*!... ...... 58 | 74.8!) 7.00 
92, 44/ 71.7) 7.69 Tillamook Rock LH. 0.00 Wilkesbarret ........... 50 | 74.2 | 6.20 
96 74.0)| 7.64 42) 62.2) 0.00 Williamsport ........... 88 | 51) 72.4) 4.16 
9 | 74.6) 7.32 Umatillat.. 0.00 OTK t 51 | 74.6) 4.00 
102; 45 | 78.1| 0.29 R Island. 
% 48 74.2) 6.00 West Fork 110) 74.5!) 0.00 57 70.9) 2.88 
7.95 eston.... 1083) 988 71.6 T. Kingston 89) 6583 3.11 
9 | 44) 72.0) 7.14 101 44 | 71.0) 0.00 1.57 
98 | 5177.0) 6.65 Pawtucket ...... 53 | 73.4) 1.55 
91 50 | 73.2) 4.89 92 | 74.7 | 4.22 South Carolina. 
ool 49 | 73.3 5.98 9 | 51) 77.0) 7.11 Allendalet ..... 102 67 | 8.8) 6,27 
Urbana....... 47 | 78.2) 10.10 aon 8.46 00000000 7.44 
Vanceburg.......... % 62 75.9) || Bethlehem 6.13 Batesburgt 100 62 | 80.0 | 8.63 
Van 98 | 47 72.6 10.18 --| 88) 71.2) 5.80 Blackvillet ........ | 102] 66) 6.70 
o4 51 | 73.4 7.64 Browers Lock....... 5.36 Cheraw 100 63 | 81.2; 8.38 
BITEN 9 | 45) 71.4} 5.19 Canonsburg ............. 65 | 73.4 | 11.07 Clemson College ........ 100 | 55 | 80.6 11.28 
Wauseon .........-. 47 | 72.4 | 11.01 Cassandra........ 52 | 73.6) 6.75 Darlington 6.46 
Waverly...... 97 50 | 77.2) 7.12 Cedarrun....... 5.05 Edistot........ cole ves 4.83 
Waynesville...... © 4.84 Centerhallt ............. 90 50 | 72.2) 5.66 008s vole 5. 22 
Westerville .............| 48 | 72.9) 7.87 Chambersburg t......... 49 73.2) 4.09 Florencet 102; 66 82.5) 5.77 
Willoughby ........ 7.43 Coatesville ..............| 52 75.3) 3.04 Georgetown ¢ ......+... 96 | 82.4 10.47 
Wooster a 45 70.2) 8.05 Confluence ¢ ...........- 40 | 72.6 | 12.11 Gillisonville t ...... 105 66 82.2) 4.68 
Youngstown ............| 48 72.0) 6.60 Coopersburg 90 54 | 74.3) 8.46 Greenvillet..... | 55 | 76.2) 9,27 
0 Davis Island Dam 8.90 Greenwood 9 | 78.6 | 15.72 
Alvat 107 60 81.7) 3.45 DOylestow 5.34 Hollandt ...... edd 5679.3) 8.68 
Anadarkot.............. 109 ST 84.1) 1.36 Drifton....... 54 | 70.8 |....... 101 69 | 82.0 | 10.74 
Arapahot 105) 62 80.8 4.57 Driftwood...... 7.08 10. 62 
Beavert 54 80.6) 2.28 7-46 Little Mountain......... 101 60 | 81.0) 11.38 
Burnett t...... 58 81.0) 1.50 Duncannon...... 8.31 Longshore t 59 | 78.6 | 10.14 
Clifton t...... 58 | 82.7 | 1.96 East Bloomsburg 5.82 Mount Carmel ¢ ... 10.27 
Fort Renot 104) 62) 81.6) 4.05 East Mauch Chunk...... 98 | 4572.5) 6.20 Pinopolis *! ....... 93 | 73/ 79.8) 6.82 
Fort Sill..... 108 | 60 | 83.2/ 1.21 oo} 55 | 74.8 | 10.28 Port Royalt...........--| 100| 78 83.8) 5.46 
thriet ............ 108 | 62) 5.45 Edinboro *!........ 69.5 )....... St. Georgest ........... -| 70) 81.3) 
Keokuk 104; 54 80.4| 2.06 Ellwood 5.24 St.Matthewst ......... -| 100; 68! 81.4 | H.O1 
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Tasie I].—Meteorological record of voluntary and other cooperating observers—Continued. 


Rain and melted 
snow. 


South Carolina—Cont'd. 


St. Stephens? ..... 


Shaws Fork *! .......... 
Smiths Milist............ 
Society Hill t............ 
Spartanburg? ..... 


Alexandria ...... 


Edgemont... 


Farmingdale ............ 


Paulkton .............- 


Fort Me 
Ga 


Howard ......... 
Kimball t..... enn 


Mellette ... 
Mennot... 
Millbank f...... 
Mitchellt.......... 
Nowlin 


Rosebud .....-.... 
St. Lawrence? ......... 


atertown '........... 
Wentworth ............ 
Wessington Springst.... 
secs 


Decatur t......... 
Dyersburg? ........ 
Elizabethton t........... 
Elk Valley *!............ 
Fairmount*!........... 
Florence? ...... 


Johnesonvillet ........... 
Jonesboro *t! ........... 
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Precipita- 
tion. 
3 3 3 
= g g 
= = = 
Ins. Tennessee—Cont'd. ° ° ° | Ins. Utah—Cont’d. ° Ins. | Ins. 
Savannaht ... 98 63 | 81.6 3.77 Blue Creek **..... 66 T. 
Sewanee t 87 55 73.7 | 6.75 Brigham Cityf .......... 1.9% 
Springdale *! 96 60 | 77.6 | 14.82 0.12 
Tellico Plains 51 | 7.43 Corinne 88) 1.38 
' Trenton ... 5679.0) 3.87 Fillmore t ...... | 74.8] 2.36 
| Tullahoma | 52) 75.8) 10.40 Fort Duchesnet......... 70.4) 1.45 
Union Cityt 57 | 79.8) 6.11 Gilest .......... | 79.7) 0.61 
Waynesboro*! 99 62 79.0) 3.60 66.2 | 0.80 
‘eras | 65.9) 3.35 
Albany *t'....... 92 63 78.2/ 3.48 Kelton *® .......... 76.5 0.00 
Arthur Cityt ...... 0.68 oosharem ....... 64.4 3.85 
Austin a ............ 84.6 4.05 Levant 70.6 | 2.26 
Austin d *5...... 82.4 | 67.0 | 2.57 
Ballinger t...........+.+. 81.4) 5.74 71.2) 1.40 
Beeville t...... 84.6) 5.44 Mammoth .... | 71.1 | 2.84 
lancot ...........- 8.25 antit ........ 1 | 71.3) 1.60 
Boerne *t!........... 82.6) 6.71 Millvillet...... 1.52 
Bradyt..... 83.2) 2.37 Moabt.......... 57 | 79.7) 0.66 
Brazoriat 82.6 7.08 Mount Pleasant *t’..... 55 71.2) 2.69 
Brenham 8.4) 2.07 55 76.1) 0.20 
Brownwood * t! 84.9) 2.93 Parowant 4 70.9 1.69 
Burnet *t'...... 83.4 1.01 Promon cece 57 | 75.5 0.75 
Camp Eagle Passt .... 86.8 3.00 St. Georget.............. 49 79.4 2.98 
Coleman ** 80.3 4.75 Scipio t bece 35 66.9) 2.82 
| College Station.. 83.7 | 0.48 , Snowvillet..... 44 69.4) 2.30 
Colmesneil .... . gece 1.98 | Soldier Summitt........ 62.2) 0.86 
| Columbiat..... 81.2 | 6.99 | 54 | 81.7 
Corsicana 86.0 | 1.32 Thistlet...... sees 47 71.6) 2.43 
Cuerot...... 85.5 | 3.36 ose 52 73.1| 0.88 
| Dallast .... 83.1) 2.69 | Vernal ........ Spbséapecs 49 71.4) 1.86 
| Danevangt.............. 84.3 8.20 Vermont. 
| 75.5 | 6.57 Brattleboro ............. 49 | 72.0! 2.77 
| Dublint....... 83.6 1.22 | Burlington ...... 57 | 73.5! 3.88 
| Duval*!. 86.4) 1.08 | 46 66.8) 3.96 
| Batellet 2.37 Commwall 50 | 70.5| 2.97 
| Forestburgt....... ..... 83.6 3.35 | Enosburg Falls ......... 47 | 69.6 4.10 
| Fort Brownt............ 34.4) (1.68 43 | 67.3 | 2.90 
80.2 | 3.66 | Jacksonville ............ 40 | 65.6 | 5.07 
85.8 4.07 | Norwich 4 «67.4 4.34 
86.8 1.00 | 47 | 3.79 
3.82 51 | 66.6) 4.56 
60 | 73.1} 38.76 
48 70.0) 3.16 
42 70.2) 3.87 
58 | 71. 
87 | 7. 
50 | 71. 
66 79. 
42 | 70. 
54 | 76. 
50 | 69. 
56 | 72. 


Fredericksburg *t! 


Gainesvillet... 


Houstont....... 


Mannt...... 
Marathont*...... 
Menardville*t'. 
Mount Blancot'.. ... 
New Braunfelst .. 
Ora 


Parist....... 


+ 
Point Isabel*!.... 
Rheinland ............. 
Round Rock ............ 
San Antonio............. 
San Marcos at...... ees 
San Marcos dt.... 
Sierra Blancat.......... 
Stafford t........ ole 
Temble at...... 
Templed 
Tulia > 


Weatherford t.......... 


cee 


| Clarksvillet...... 


RSA 


SE: SLRS 
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St. Johnsbury ........... 
Strafford *t! 


Vi ginia 
Alleghany’ 


Ashland ¢ 
Bigstone Gapt...... 
Birdsnest *f!............ 
Blacksburg.............. 
Buckingham ¢.... ...... 
Burkes Garden ¢ ........ 
Callavillet ..... pace 
Christiansburg t......... 


Dale Enterpriset... 
Danvillet. ....... 
Fredericksburg t+. 


Smithvillet..... 
Spotisvillet............. 
Stanardsvillet.......... 
Stanleyton .............. 
Stauntont............... 
Stephens Cityt.......... 
Sunbeam 
Warsawt 


Blaine f. 


Cascade Tunnelt ..... o 
Centervillet........ 

Connell!t...... 
Coupevillet .......... 


o 
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268 Jury, 1896 
Temperature. 
(Fahrenheit.) 
‘ 
| 
° ° | ° 
6 58 
105 | 74) 
102 
Statesburgt.............| 
Winnsboro ..............| 
Yemasseut 108 
| 
....| 102 | 9 
Ashcroft t............... 9 2 
Brookings t 99 | 8 
Castlewood? ........... | 
| 
Flandreau t.............| 108) 
FPorestburg? ............| 106 
108 
96 
Goudyville *t!.......... | 
Greenwood ¢ 106 
| 
Plankinton t...........+. 
| 103 6 
| 105 2 
Sioux Falist............. 102 5 
4 
| 3 Huntsvillet .............| 100 69 | 84.5 52 
Tennessee. Kerrvillet ............... 
‘ Andersonville*'......... 4 | Lampasas t Grahams Forge t........| 91 
Ashwood *t! 1 | ty ~ o4 | 
Benton (near) t..........| 98! 6 4000s | Hot Springs .............| 86 
Bolivar 102 | 1 Luling? .......+... | | Lexingtont..............| 94 
Brownsvillet.. ........ | 101 2 | | | 
108 | Quantion 
| W | ichmond (near)t....... 
96 | | Rural Retreat........... 
8 
Greeneville t 90) 
Hohenwald *t*.......... 
~ | 
1 102, 69 
95 | | . 
MeKenzie*t!............| 97 9 69 Washington. 
MeMinnvillet ..........., 7 Aberdeent............... 
Molino? .................| 9 | =) 108 68 
| Valentine 100 60 Bridgeport ..... 112 
9B | | 108 | 78 104 
100 |...... | 98 
Rockwood ¢ ..........+++| | 102 | 68 | 100 
Rogersvillet Wichita Palls | 112 
Rugby? | Utah.” | 
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TasB_e I1.—Meteorological record of voluntary and other cooperating observers—Continued. 
Temperature. Precipita- Temperature. Precipita- Temperature. | Precipita- 
(Fahrenheit.) tion. (Fahrenheit.) tion. (Fahrenheit.) in. 
Stations. Stations. ER Stations. Ey | Be 
° 
Washington—Cont'd. | © ° ° Ins. | Ins. it'd | ° o | © | Ins. | Ins a ° ° | ° Ins. | Ine. 
Ellensburg t......... 98] 48) 71.4] 0.00 Meadow Valleyt...... 40 | 67.8) 3.49 Sun River........ 9 | 88 64.8/ 1.45 
Ellensburg (near).......| 108 50 75.0 0.00 Medfordt..... 100 37 «68.7 6.15 
Fort Simcoe t ...... ae] 45 | 78:2! 0-00 Menasha......... 2.57 | 70.8 | 2.90 
Fort Spokane ..........- 107 43 | 72.3 | 0.00 i Neilisvillet ....... 42 68.2) 2.65 
Grandmoundt .......... 7 44 | 67.6 0.00 New Holstein..........| 91 46 69.4 7.10 4.00 
55 | 78.3)| 0.00 Oconomowoc t .........- 92, 41 71.4) 3.75 Ashland | 100; 85 74.2) 2.47 
98) 52) 74.9! 0.01 Oconto 93 | 41 69.0) 1.77 le eses 4.85 
Madrone*t!........ ....| 86 | 45 | 63.6| 0.00 Osceola t 100) 89 69.5 | 1.88 snes | 9 | 58) 75.6) 4.88 
Montecristot .........-.| 88) 64.0) T. bins 95!| 42), 69.63) 0.67 2.78 
Moxee Valleyt.......... 10 | 48/ 77.0) T. Pine Rivert. | 4.58 
New Whatcom t........ 85) 40 | 65.8) 0.10 9, 71.1) 2.78 Divide 8.79 
79 45 | 61.0; 0.00 Port ashington ........ 96 44 69.7 | 1.74 Grand Island a*'........| 102 55 74.2 | 3.95 
Olympiat 93; 42) 66.5) 0.00 | Prairie du 98) 41 70.2] 2.18 Grand Island d........... 9 70.6) 3.94 
Pomeroyt .. 104 57 | 80.6 | 0.23 97 49 | 71.2) 4.94 Holdrege 99 55 71.6 | 4.70 
Pullmant...... 98} 44/ 70.8| 0.15 Sharont... 7.60 Imperial 6*'.. .-| 96) 76.9) 4.18 
89 | 42/ 61.8) 0.21 9 | 41 68.2) 4.20 Loupa*'. .. 95! 56 76.4 12.70 
liat 99 38 | 69.1 | 0.60 nert 98 36 «67.4 1.38 % 4971.7! 30 
Shoalwater Bay*% 86 | 651! 61.8 |....... Stevens Pointt+ ......... 92 40 68.5) 2.94 keke 5.10 
Silvercreek *! . -| | 44) 64.4) T. Sturgeon Bay Canal... 02 | 45) 65.4/....... MeCool Junction. 2.58 
Snohomisht ......... B76) 42> 64.28) 0.00 Valley Junctiont....... | 92 40 | 67.8 | 5.16 Nebraska City 9% 86 73.8) 2-82 
96 44 | 65.8 | 0.00 46 | 70.3) 1.48 97 42 71.4) 8.37 
Stampedet 9% | 42/ 66.2| 0.00 Watertownt............. 94) 44/72.3/ 4.49| PRG 5.88 
Stillaquamish .. ewes 84 42 62.8) T. Waukeshat .............| 47 (71.2) 2.59 Ravenna 9 58 78.1) 2.23 
Sunnysidet ...........--| 105 49/| 77.2) T. Waupaca t es 71.0) 2.64 Red Cloud Leones 2.85 
88| 48/ 66.2| 0.00 Wausau 42 68.7) 1.45) Republican *!...........| 100; 58 82.6| 2.45 
Union City t | 70.8/ 0.00 Westbend ...............| 42) 69.6| 2.14 97 | 48 | 71.1 | 2.98 
Vashont.......... 85 47 | 64.6 | 0.00 92 44 70.4) 3.24 52 78.5 | 5.54 
West Ferndale+.... .... 48 | 66.2) T. Wyomi Sargent........ sone 3.97 
est Vi Bighorn Rancht ........ 84 | 386 61.6 | 1.45 6.05 
Beckley .........-- 9 | 46 3.30 Fort Laramie+....... 101¢) 504) 74.94] 1.41 as 2.80 
Beverly? 9 | 73.2 15.60 Fort Washakie..........| 44 66.9 1.467 
Bloomeryt 91) 46 | 70.5 | 6.18 88 | 87 | 62.4/| 2.00 Tecumseh | 3.24 
Buckhannon at 13.68 82; 41 | 62.3) 1.66 Weeping % | 47 69.5) 2.70 
Buckhannon 89) 49 | 71.7 |...... 102, 44 70.7) 1.08 WIGNER | | 4-28 | 
Burlington t.. 50 73.0) 7.82 9% | 40 68.2| 1.09 Woodlawn... | 1.30 
Charleston t.... 4.83 % 45 | 67.2 2.38 4 
Dayton 14.10 99; 70.9) 0.52 || Austin. 87 | 36 | 64.0 | 0.11 
Elkhorn t.. 89| 57 72.7) 7.8 Battle Mountain *!....../ 96 | 71.8) 0.00 
13.33 99 72 | 86.8 | 3.21 165 387 6&6 1.10 
Glenvillet... 90 52 | 72.3 | 14.15 89 58 | 72.4) 1.52 Beowawe *®.......+. 6&1) T. 
Graftont ....... OL 47 | 72.3 | 11.91 82 52 | 65.2) 3.94 Candelaria.......... 41 71.4] 0.81 
Green Sulphur ........ 90 55 | 74.2) 2.91 85 52 | 65.3) 4.24). Carlin * 39 | 62.0 0.00 
H rs 5.08 Topolobampo*'......... 94 86.4) 1.84 Carson City 88 63.5) 0.12 
Hewett t OF 58 | 76.0) 5.74 ew Bru Cloverdale *!..........+.. 90 72.0) 0.07 
Hinton d¢ 94) 86 | 70.0 |...... est I Downeyville 99 | 74.2/| 0.20 
Marlinton 87 53 71.0) 7.80 Grand Turk cel] 46) 70.1] 0.80 
% | 658 /74.5!| 5.64 Ely. 85 62.6)| T. 
93 59 | 72.6 Late J 1896 Empire Ran ch.. 300 
Morgantown ....... --| 98 | 49| 73.6| 9.80 Golconda 9 | 50 0.00 
New Martinsvillet....../ 93 | 54 | 74.0 | 15.09 Halleck 100} 40 65.4) 0.32 
Nuttallburgt ... ....... 90 5270.9) 4.30 Alaska. Hawthorne .. 95 4 71.5) 0.05) 
Oldfields t 49 74.1/| 6.09 51-3) 1.98 Hot 99 48 69.6 | 0.00 
Pennsboro . 93 48 | 74.1 | 13.54 Arizona. Humboldt **..... 9 | 74.8) T. 
Phi 94 54 | 75 2) 15.70 Walnut Grove..... Knickerbocker Mills... 85 40 | 0.19 
Point Pleasant t.. 9% | 53 76.1) 8.21 California. Las Vegas ....... 104) 50 76.0) 0,00) 
Powelltont ...... 92 56 | 73.5) 4.59 112 42 | 69.2 | 0.00 Lewers Ranch 89 82) 63.8) T. 
Rowlesb 12.14 Roseville (near) 1 48 | 72.8 0.00 Lovelocks *'... 98 | 58 76.3) 0,00 
Sandyvill 49 | 74.7) 7.88 Santa Paula......... 97 47 | 67.8 | 0.00 Mill City *!... 100 47 «70.9 0.00 
7.10 Sneddens Ranch*!«.. 94; 30 | 59.9) 0.00 | 91 | 42 | 68.0) 0.05 
87 @ | 67.6 Westpoint .......... 0.00 Palisade ®?... 97 58 | 70.5 | 0.00 
Weston 88 75.9 |...... eron Pass ....... 70 | 28 | 48.6 |......+ 92| 49 | 76.4) 0.00 
11.08 1.28 Reno State University... 89 87 64.6 0.00 
Wheelin 96 52 | 75.0 | 11.84 Mamhattan 0.85 St. Clai 98) 69.8) 0.08 
49 71.6 5.30 Sherwood Ranch........ 86 81 | 57.2 |......- St. 117 | 46 8.4) T. 
Wisconsin. Connecticut. San Antonio............. 102 89 69.6) 1.80 
Amboret 41 69.6/ 2.33 North Grosvenor Dale..| 92; 39 | 63.2) 3.01 98| 46) 78.7) 0.40 
Anti 92 34 65.9 2.68 Illinois. Stofiel 85 25 57.0 0.44 
Apol Fi 91 4472.1) 2.96 Cordova 2.15 Sunnyside..... ....... 103 21 68.9) 0.15 
42 68.6) 1.71 88 42 66.8) 2.68 ‘ecoma *!..... 96 43 68.6 | 2.98 
Beloit ....... | 72.4) 5.77 Rushville ......... 92 51 | 72.4) 3.72 93 40 0.80 
Black River Falls... GB 3.94 Towa. 95 38 | 67.4) T. 
Boscobel t ....... 44/| 70.8) 2.26 Fayette ....... 89 | 42 68.0] 2.46 Verdi*'..... 8 43 66.5) 0.00 
Centra 42) 70.6) 1.28 Kansas. Wadsworth *!... 50 69.7} 0.00 
Chilton 3.80 Hays 100| 51 77.2) 6.19 Wells... 93 87 | 64.0) 0.20 
typo’ ee isiana. ew Hampshire. 
Crandon t .. 3.80 Franklin. ........ OF | 61/ 80.6] 8.26 Alstead *®...........- 88) 44) 68.4) 1.44 
Delavan t... --| 42 | 72.0; 8.30 Stratford 63.3 2.79 
peret...... 42 | 69.8) 1.48 Petit Manan *!..........; 68 45 | 56.7 |..... New 
Easton *!........... 52 | 70.4 | 4.27 M Charlotte *,......... 49 60.3 |....... 
Eau Claire... 04 43 | 70.1 | 2.67 46 | 64.4) 2.33 North Dakota. 
Florencet ...........+++ 90| 36/ 66.0) 1.91 85] 48 | 68.4]... Langdon......... 40 62.5) 4.88 
Grand River 2.92 Hy 50 | 66.2 |... Ohio. 
Grantsburgt ..........-.| 9 | 68.4/ 1.30 LOWell 98) 41 | 68.9 )...... Bellefontaine. 44 68.4") 4.38 
Hartford 3.11 Monson 90 | 85 | 64.2) 3.10 5.31 
48 71.6 | 4.34 Roxbury... 48 | 64.1) 2.88 
| 39°, 67.2°| 1.40 Salem....... Beulah ...... 96 80 | 63.0! 0.52 
Hil 93 38 | 68.9 | 2.57 Somerset *!.............-| 47 (68.4 | 5.32 Burns... ...-. 27 | 60.8 |...... 
Koepenick*t!...........| 48 65.8) 2.70 Turners Falls............| 44) 64.8| 1.62 87 82 | 59.0 
52 | 72.1) 3.62 8 56 | 79.9 | 10.22 
Manitowoct ............| 9 | 44/ 68.0/ 2.91 Mosspoint 641804] 5.65 Nors.—For explanatory notes see previous Reviews. 
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Tasie III.—Data from Canadian stations—Continued. 
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Pressure. Temperature. Precipitation. 
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Sask 
berta 


Sask .. 


Hat, Assin 
Alberta.. 
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nipes. Man 
Man.. 
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Swift Curr’t, Assin 


neces Br’ge, B. 


"A 


Port Arthur, Ont. 
edi 
Calgary, 


Prince Albert 
Edmonton, Al 


Tasux III.—Data from Canadian stations for the month of July, 1896. 
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hes. ° Ine Inches} 
2 — — 0.4 2.0) Saugeen, Ont ...... + 1.86 
| + | 1.9 .0| Parry Sound, Ont.. + | 1.39 
0 + | 1.78 
| + | + 0.5 + | 2.01 
| + 0 | 1.84 
| 4 “0 |. .| 
20. 98 + 2 eles 


MONTHLY WEATHER REVIEW. 


= 


JuLy, 1896 
Taste VII seventy- , 1896. 
| 
| @ = = 
1.4) 94/ 63/ 61) 7.1! | 
6.7 63/ 5.7) 5.9) 55) 
7.0/ 52/ 49) 75 
19.1 | 17.2 | 15.4 | 14.7 | 15.9 
7.3) 7.4 7.8 
5.7) 4.1/ 3.6/ 38 29 
55! 4:8 5.0 
67/ 61) 5.7) 55) 
8.9) 8.5 6.2/5.6) 7.4 
14.8 | 14.3 | 13.7 13.6 
10.1 
11.4/ 11-1) 
5.2) 5.6) 6.5 
6 11.3 10:8 41/9 
7.0 | 7.8 
2) 5.0, 4.7) 6.0 
7) 41) 84) 7 
2) 7.3) 6.6) 83 
7 | 14.2 | 4.8 14.9 
1) 57) 5.8) 7.5 
- 


12D MD OR SCA © CL 
> 
= 


*Beginning with July 7, 1896, all readings made from the Fort Pierre gauge. 
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Taste 1X.—Resultant winds from observations at 8 a. m. and 8 p. m., daily, during July, 1896. 


Component direction from— Resultant. Component direction from— Resultant 
Stations. Stations. 
Ne Hours. Hours. | Hours.| Hours. ° Hours. Upper Lake Region—Cont'd. Hours.| Hours. Hours. Hours. Hours. 
Northfield, Vt. | s. 18 w. 13 | Duluth, Minn 14 n.@iw. 4 
on, ass... . 8. w. | ‘orth Dakota. 
Nantucket, 9 27 7 36 s. w. 34 | Moorhead, Minn ..... 3 8 a. 5 
Woods Hole, Mass.* ... 2 2 6 Ow. 20 Bismarck, N. Dak....... 24 13 22 15 | n. 13 
Block Island, R. ll 87 os. w. 82 Williston, N. Dak.......... 2 23 21 s. Se. 13 
New Haven Conn ....... teeeccesees 18 23 9 4) 8. 2w. 16 | Upper Valley. 
& 8. 42 w. 8. 18 w. 
sburg, | 68 w. oines, lowa...... 8. 32e. 
more, 8. 58 w. | Keokuk, Iowa....... 8. 72 w. 
Washington, D. C.. 15 31 6 8. w. | Cairo, Til........ 15 32 11 8 
Lynobbars. 9 15 27 | s. Sw. 21 Springfield, Ill.. 18 15 21 s. Ow. 8 
orfolk, Va........ 33 15 s. 27 Hannibal Mo....... 13 28 9 21 | s. 39 w. 19 
6, 8 s.8iw.| 87) Columbia, Mo.*........ 6 7) 8. 6w. 10 
Wilmington, Cc 5 31 11 33) Ow... 34 Omaha, Nebr........ seco 21 29 13 sos. #e. 2 
2 38 21 122 «6s. Me. 37 |) 
n 
Key West, Fla 2 18 50 1| 8. 52 2 22 4 21. sw. 17 
Tampa, Fla 19 ll 33 n. Be. 2 | Rapid City, S. Dak 19 20 15 18 8. 72 w. 3 
Meridian, pede 13 37 15 13| 5e. 2% || Pueblo, Colo...... 12 23 18 n.2#e. 15 
Vicksburg, Miss......... 8 82 16 s. 2lw. 26 | Concordia, Kans 9 34 8s. 31 
New Orleans, | Ble. 19 Dodge Cit Kans ..... 5. Ste. 
tern Gulf States. Cc TB. 8. e. 
Little Rook, APM 18 » 8 8. 2 | Abilene, Tex 8 4) 10. 42 
r 8 Sti, 8. e. Amari 0. OK esos. le 
Galveston, Te 4 45 8 18 dw. 42 || Southern Plateau. 
Palestine, TOX Q 42 18 s. Me. 96 || Bl Paso, Tex 18 13 81 16 «on. 16 
| Phoenix | 8. 46w. 
Chattan Teas... 15 31 il 18 s. Mw. 18 Yuma, Ariz... 13 24 16 47 w. 
Knoxville, Tenn ............ 15 12 13 35 | n, 82 w. || 
Memphis, Tenn ......... 16 32 1h 8. 17 Carson City, 12 16 5 33 8. w. 
Nashville, Tenn. 9 35 18 18 6. 26 Winnemucca, Nev “4 19 16 «6s. Sw. 9 
Indianapolis, Ind ..... ima. 29 11 a7 | s. 2 Baker City, 28 4 17 8. Bw. 
Cincinnati, O10 15 29 14 21. «8. Ww. 16 | Idaho Falls, 26 23 10 n.18w. 3 
Columbus, Ohio ..... 12 32 11 s. Ww. || Spokane, Wash ............ 17 24 19 16s. Be. 8 
14 32 7 2 s. 45w. 26 || Walla Walla, Wash..... il 31 10 19 w. 21 
11 81 12 s. 3w. 20 || North Region. 
| Fort Canby, Wash......... 43 6 5 Bw. 40 
6 32, s. 31 | Port Angeles, Wash.*.............. 4 20 5 40 sos. 6 w. 38 
12 25 8 30| s. w. 26 || Seattle, Wash............. 10 13 2 
9 2 7 88 6. 67 w. 34 || Tatoosh Island, Wash............. 4 37 9 7 8. QW. 38 
12 2 90) 8. 59 w. 25 Portland, 87 6 4 34 43 
17 26 19 s. 186. 10 | Roseburg, Oreg 4 on. Be. | 43 
8. 22 w. 
Alpena, 18 15 61 w. 10 16 0 55 w. 58 
Grand Haven, Mich................- 20 19 n. 86 w. 15 
Marquette. Mich .... 26 11 12 3 n.47 w. 22 | 31 “4 Sw. 49 
25 9 n. 8 w. Los Angeles, Cal ..........--.: 9 9 7, w. 38 
Sault Ste. Marie, 19 12 16 23 n.60w. 14 San Diego, Cal ....... 23 11 5 n.?2w.. 39 
20 17 20 n. Me. 4 Luis Obispo, 7 21 1 32. 88 w. 31 
* From observations at 8 p.m. only. +t From observations at 8 a. m. only. 
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in im ig yim 

iW ie im i lge 

‘Qin iwimiimiia: 

[pa 

| im ie in ieim im im ie im! ing im 

| dei dei del dei dei dei dei de dei de dei des det 


|| 

Total. 

19/9, 
A. 

60 26) T. 
|} 0) A. 

88 T. 
0; A. 
90 | T. 
0 4 A. 

175 | 30 | 

2) 1) 

66 | 16 | 
8; 1 
31 | 17 | 
1; 1] 
9; 9| 
0; 

126 | 28 
0; 0 
64 | 29 
0; 0; 
8 | 18 
4) 2) 

239 | 25 | 
1/1 
8&2 | 19 | 

5] 5} 

0; 0) 

201 | 23 | 
6 2 | 

124 | 27 | 
1] 

80 | 24 | 
1} 1 | 

78 | 24 
0; 0} 

9} 

2; 

75 | 20 
0 0 | 

79 | 16 
4|1| 

97 | 18 | 
1} 2 

. 102 | 19 | 

4) 

68 

0; 0 

275 | 6 

0; 0 
43 | 17 

15| 6 

120 | 24) 

4| 2) 

100 | 23 | 

2 

43 | 13 

199 | 

4) 

67 | 29 
0; 0 

187 | 22 

241 31 | 

0 

82 | 17 

11| 6 

482 | 26 

4 

13| 7 

0; 0 

16; 9 

0 

202 | 24 

38 

6 

0; 0 

91 | 28 

45 | T. 

4/ 8/ A. 

182 | 27 | T. 

0; A, 

84 27); T. 
0; 0| A. 
0| A. 
81 | 13) T, 
1; 1; A. 
98 | T. 
0; A. 
11; T. 
1; A, 
76 | 2 T. 
0; O| A. 
107 | 21 | T. 
10| A. 
18 | 11); T. 
21 3) 
817 |....| T. 
104 |....| A. 
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Taste XI.—Hourly sunshine as deduced from sunshine recorders, July, 1896. 
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Monthly summary. 


Instrumental record. 


“@1qissod 


1904 


COD 


Percentages for each hour of local mean time ending with the respective hour. 


P.M. 


VISE 


11 |Noon 


A.M. 


ERM RE GY EVW 


| 
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Taste XI1.—Mazrimum rainfall in one hour or less, July, 1896. 


Taste XIJ.—Mazimum rainfall—Continued. 


Maximum rainfall in— 


iTS 


: 


ESSsssssss 


5min.| Date. 10min.) Date. 1hour. Date. 


: 


Stations. 


RY 

is 6 ta 


. 


Utah . 

Cal 

N.C.. 


Maximum rainfall! in— 


355 


5 min. | Date. 10min. Date. | thour.| Date. 


RR 


ee 
eo 66.4 04:66 85 6 


SS 
ss 


* Less than 0.05 inch in one hour. 


| 
| 
| 
5 6 7 8 y 10 1 2 8 4 5 6 7 8 | ‘ 
Houmm 
214 
2 
doc | | | 
I | | 
| 285 
317 | 
169) 
worse | | 405 
| 368 
1 | 806 = 
doce | 243 
| 208) 
| 819) 
| 281 | 
| | | 411 
325 
| 324 
| 272 
| $41 | 
242 
| 263 
| | fhe | | 
0. 12 | 12) 
0. ae 10 | 10 | 
0. | 23 | 23 | 
0. 16 | 16 
0. 0.25 21| 0.40 21 
| 0.05 13} 0.10 13 | 
1 | 10 | 1. 0.40 7| 070 7 
4| 0. 4) 0.% 4 4 
| 15 | @ sine 9| 0.29 9 21 
4 2. ll 0.82 il 7 
| 18 | 0. 


277 


Jury, 1896. MONTHLY WEATHER REVIEW. 
TaBLe XIII.—Z2cessive precipitation, by stations, for July, 1608. TasLe XIII.—Zxcessive precipitation—Continued. 
Rainfall of 1 inch, SE | Rainfall 2.50 | paintallof1inch, 
=| in 24 | OF more, inone 
Stations. ng Stations 
Seis 
Alabama. ne! Inches. Minois—Continued Inches. 
2.72 Beardstown ..........+++ 9. 
8.01 Bushnell . 2.55 
4.31 Carlyle 4.33 
2.92 Catlin ..... 2.60 
2.62 Cazenovia 2.85 
3. 26 3. 
4.21 Duquoin..... 2. 
Union Springs Friend Grove .:....-.... «++ 3. 
San 1 00 6 Jordans Grove... 8. 
COPMIDE oes 0 55 24 | Lexington 2. 
Keesees Ferry .......... 608008 1 35 de 2. 
Denver.... ‘ 0 53 Mount Pulaski......... 2. 
Delaware Olney ...... 5. 
Emerson .......- bbc 8. 
Kissimmee. 4.50 
Lake Cit 2.80 
Milton 9.05 5.28 
Mullet Key 3.20 2.56 
Orlando . 8.13 2.68 
2.80 
allahassee 4.70 Anderson 3.34 . 
Tampa 2.84 2.87 
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Albany 4.12 
Allentown 2.85 2.60 
Americus 3.02 8.15 
Athens 5.91 3.08 
Atlanta 3.26 Delphi 3.16 
Augusta 5.65 Evansville 2.75 
Cama 3.70 Huntington ........ 3.61 
Fort $904 066806 8. Logansport 2.50 
Thomasville cones 3. College Springs.......... 4.16 
Albion ...... este aces 3.51 Grundy Center 8.82 
Rev——7 
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Tas_e XIII.—Zecessive precipitation.—Continued. 
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Taste XIII.—Zecessive precipitation—Continued. 
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Cherryfelds 8.74 6 |. BD eevee 


Jury, 1896. MONTHLY WEATHER REVIEW. 279 


TasLe XIII.—Zecessive precipitation—Continued. TaBLE XIII.—Ezcessive precipitation.—Continued. 
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Tasie Precipitation.—Continued. Tapie Precipitation.—Continued. 
22 | Rainfall 2.50 a Rainfall 2.50 
Rainfall of Linch. Rainfallof 1 in 
inches, or | ‘Gr more. in inches, or x4 ch, 
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